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[20. \Abstract
Select chemicals of interest to the Air Force and identified as man made

environmental contaminants have been found to neoplastically transform human
cells in vitro. Benzo(a)pyrene one of these compounds of interest, exhibits
unique features of movement from the extracellular environment to the nucleus of
the cell. B[a]P is transported into human foreskin fibroblasts from the plasma
membrane to the nucleus by binding as the unmetabolized parent B(a)P. B~a]P
forms a low binding association with a lipoprotein complex in the cytoplasm that
has a MW of 12,500. The Bra]P following penetration into the nucleus is then
oxygenated to various metabolites. Benzo pyrene-diol-epoxide-I has been
identified as a metabolite in the nucleus that interacts with deoxy-Guanine to
form a DNA adduct, 7R-BPDE-I-dG.

We then used another hydrocarbon 1,2,3,4-tetrahydro-7,12-dimethyl benz(a)
anthracene to induced carcinogenesis in human cells. To date we have no evidence
for extracellular or intracellular metabolism of this compound under conditions
for transformation. We conclude tentatively that this data suggests that there
is an alternate requirement for polynuclear hydrocarbon induced carcinogenesis
in human cells compared to rodent cells.

T-

Unclassified

SIECURITV CLASSIVSCATIOU OF ', &AGCifh. Dole rE.



II

Progress Report to

1 AIR FORCE OFFICE OF SCIENTIFIC RESEARCH

gDirectorate of Life Sciences

Boiling A.F.B., D.C. 203332g

Title: Chemical Carcinogen (Hydrazine, Polynuclear Hydrocarbon and/or

i Synthetic Jet Fuel Components

hiuced Carcinogenesis of Human Cells, In Vitro

Inclusive Dates of Report:

August 1, 1980 to August 31, 1981

Submitted by. George E. Milo

Professor of Physiological Chemistry & Comprehensive

Cancer Center

410 W. 12th Avenue

Suite 302 Comprehensive Cancer Center

The Ohio State University

Columbu, Ohio 43210

01 011 .

• [ Its

• -- - i i . L . . . _. .. . . m . . . .. . . . . . _ . . . . . -. . . . . . . .. . .



SI

J

I

The experiments reported herein were conducted according to the
principles described in "Guide for the Care and Use of Laboratory
Animals" prepared for the Committee on Care and Use of Laboratory
Animals, DHEW Publication No. (NIH) 78-23, revised 1928.

George E. Milo Ph.D.
Comprehensive Cancer Center
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i) Work Scope 1980-1981

a) To investigate how UDMH, HZ and/or BP are transported to the cell nucleus

b) To investigate changes in DNA directed DNA polymerase I and II activity
following treatment with UDMH, HZ and/or BP

c) To examine changes in histone labeling patterns during the early and late
stages of the carcinogenic process following exposure to UDMH or BP

d) To investigate the interaction of HZ and BP metabolites with DNA during the
induction process and correlate this with the metabolic profiles in the activation
stage

e) To develop a predictable and reliable procedure using human cells in vitro to
evaluate the carcinogenic potential of chemicals of interest to the Ohrforce

ii) Progress 1980-1981

We found that BP was transported to the nucleus as the parent BP via a
cytoplasmic protein complex. This cytoplasmic complex had a molecular weight of
12,500 MW, Tejwani et al. 1980. Analysis of the intracellular distribution and binding of
benzo(a)pyrene in human diploid fibroblasts, was expected in Cancer Lettters 10:57-65.
Since these experiments were completed we have isolated the complex and separated the
12,500 MW complex into subfractions on a potassium bromide gradient, (p, 1.006-1.279) at
200,000 x g for 24 hrs. In excess of 30% of the recovered radiolabel was associated with
low density lipoprotein (p, 1.073) and 25% of the radiolabel was associated with high
density lipoprotein fraction (p 1.125), (Fed Amer. Soc. of Exp Biology 40, 1577, 1981).

The penetration of the BP into the nucleus required energy and the transport across
the nuclear membrane is temperature dependent. When the temperature of the cultures
is dropped from 370C to 40C BP is not found in the nucleus. Isolation of the nuclei from
the BP treated cells incubated at 40C revealed that no radiolabel was present in the
nuclei. Under conditions for transformation we found that BP localized in the nucleus
was oxygenated and 7,8,9/10 ene diol Benzo(a)Pyrene anti form of the Benzo Pyrene ene
diol epoxide (BPDE-I) was produced. It appears as though the BP is oxygenated in the
nucleus possibly in the chromatin area. (Submitted to Carcinogenesis 1981).

Treatment of the cells with BPDE-I under conditions for transformation resulted in
a transformed phenotype. DNA-adduct analysis of the BPDE-I interaction with the DNA
of transformable and non-transformable cells (Collaborative studies with Dr. Alan
Jeffery Comp. Cancer Center Columbia College of Physicians and Surgeons, N.Y., N.Y.)
illustrated that the 7R-BPDEI-dG in the transformable cells was the only adduct that
change in quantity, i.e. the amount of 7R-BPDEI-dG decreased 80% in the non-
transformable populations.

When we examined the transformable and non-transformable populations treated
with BP the nuclear base-adduct that changed in the non-transformable cells was the 7R-
BPDEI-dG adduct. In a recent series of experiments we added BP to confluent dense
cultures and observe that greater than 40% of the BP in the extracellular medium was
metabolized to oxygenated metabolites. However, there was no radiolabel found in the
nuclei of these cultures. These cultures could not be transformed following BP
treatment nor were there any oxygenated metabolites found in the nuclei of these
treated cultures, (Tejwani and Milo, Cancer Res. 1981 In Press).



To examine the involvement of particular rings of the polynuclear hydrocarbons;
the lipophilicity of the active carcinogen was examined; we decided to look at 7,12-
dimethylbenzanthracene as a prospective candidate because of the arrangement of the
aromatic nuclei.

6

Reduction of the A ring left the dimethyl anthracene nucleus as the unconjugated
system.

0

This compound when applied to human cells was non-carcinogenic to very weakly
carcinogenic. With a reduced hexene ring then the compound appears as the following
structure:

1,2,3,4-tetrahydro-7,12-dimethyl benz(a)anthracene, (THDMBA).
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The THDMBA treated cells had a transformation index of 168; 7,12 DMBA treated cells
had a transformation index of 0; BP treated cells had a transformation index of 1; 9,10-
dimethyl cyclo penteno a anthracene treated cells had a transformation index of 23.
The transformation index was calculated as the number of colonies containing 50 cells or
more per colony per 105 cells seeded into 0.33% agar in a 25 cm 2 well, (Tejwani et al.,
Cancer Letters 13, 119-127, 1981). The saturation of the A ring in the DMBA prevented the
DMBA from being oxygenated in the bay region or K-region. These are the reported
regions for epoxides to be formed that lead to the penultimate forms of oxygenated
polynuclear hydrocarbon carcinogenic metabolites.

We have recently had synthesized through NCI the radiolabeled derivatives of the
tetrahydro form. We plan to examine the profile of possible metabolites by high
performance liquid chromatography.

ii!) Principl Experiments in Progress with Other National Laboratories

We are presently concluding work with Dr. Fred Kadlubar at the National Center
for Toxicological research on the activity of the amines and their deterivatives on the
interaction of the amines and DNA. Another collaboration that will bear fruition
presently will be our work with Dr. Allen Jefferies at the College of Physicians and
Surgeons Comprehensive Cancer Center at Columbia University. We are examining the
relationship between chemical carcinogen induction and adduct formation. Our work
with Dr. Donald Witiak is beginning to bear results. We are assisting his laboratory in
two ways. First, we are studying the relationship between the hydrazine compounds and
derivatives with the induction of carcinogenesis and adduct formation. Secondly, we are
using the radiolabelled hydrazine carcinogens in our system to study the events that
occur during the expression phase of carcinogenesis. This is being accomplish by
studying the interaction of the hydrazines with the acid soluble histone and non-histone
nuclear proteins. We have concluded the radiolabeling studies and are finishing up the
studies designed to quantitate the changes in histones during the early and transitional
stages of the carcinogenesis processs.

The work with Dr. Kadlubar on aromatic amines has been accepted for publication
in Carcinogenesis, (1981). We have completed the evaluation of the neoplastic potential
of the transformed cells on the chick embryonic skin system as a suitable substitute for
the mouse. This work has been accepted for publication in In Vitro, (1981). We have
completed the transformation of human skin epithelial cells and the manuscript is in
Press, (Cancer Res 1981).

We are continuing to work on the interactions of HZ and UIDMH and BP with the
cell nucleus. Both in collaboration with Dr. Witiak and Dr. Trewyn. (Objective f-1981).
Dr. Tomei is working on the Promoters and sensitizers and the effect they have on the
preinduction process. (Objective g-1981). His report is as follows.

1) Human foreskin fibroblasts were determined to be resistant to mitogenic
stimulation by animal tumor promoting phorbol esters following cell cycle arrest by
amino acid deprivation, serum deprivation, and diminished Ca 4 " concentrations. These
results are in contrast to results obtained and reported by Tomei et al (1980, 1981a, 1981b)
using the murine embryonic fibroblast C3H-lOTI1/2. These findings are inconsistent with
the concept of skin tumor promotion based upon animal data.

3



2) Human foreskin epithelial cells were studied with respect to responses to
putative tumor promoting phorbol esters.

a. Cell cycle activation following arrest in both serum deficient and
nutrient deficient media was not observed. Increased nuclear labeling could,
however, be induced when 3 H-thymidine specific activities exceeded 35 Ci/mmole.
It was observed that this labeling (autoradiography) approached 50-90% of the cells
after 24 hrs treatment and was markedly uniform with respect to grain number.
Furthermore, it was observed that regions of heavy cornification had diminished
grain counts. It suggested two critical modifications of future experimental
protocols; 3 H-thymidine specific activities be kept below 10 Ci/mmole and
blockade of radioactive missions be prevented by keratin removal prior to
preparation of autoradiography. In subsequent experiments using low specific
activity 3 H-thymidine and epithelial cells stripped of overlaying keratin, TPA was
not observed to be mitogenic. This was confirmed using another non-phorbol mouse
tumor promoter, benzoyl peroxide.

b. Mouse tumor promoting phorbol ester, TPA, was observed to have a
profound effect on patterns of cornification in normal epithelial islets. Short term
experiments (24-72 hr exposure) revealed that TPA enhanced keratinization
determined by both Mallory histological staining and epifluorescence obtained with
rhodanfle blue (see below). This was in marked contrast to long term experiments
(5-15 days) which revealed that large, uniform islets developed having markedly
diminished total keratin as determined by histological staining.

Conclusions based upon these observations are consistent with the concept
that tumor promoters act on regulatory processses modifying the patterns of cell
differentiation. It is believed that basal cells are inhibited from progressing
through keratinization, whereas, cells that have progressed beyond an initial
commitment stage are accelerated through to maturation and release into a
cornified upper stratum. This is believed to be related to modulation of
carcinogenic transformation as described previously by Milo and co-workers and
the possible relationships are being investigated.

c. Epifluorescent determination of keratinization of substantially
improved reliability was developed. Using the stain rhodanile blue (RB) which
stains glycoproteins, proteins and cytoskeletal components, it was found that water
elution produced marked variations in staining densities and characteristics
between culture dishes. This has been discussed by others as a serious shortcoming
of their stain. However, it was found that methanol elution of cells stained with
1% RB in water resulted in the visible loss of approximately 90% of the staining
density. Since it was known that RB absorbed strongly in the green light region and
had an extremely strong red fluorescence, the methanol eluted cells were examined
using epifluorescence techniques by exciting the cells with green light and
observing fluorescent emission in the red region.

It was found that cytoskeletal components were strongly fluorescent,
whereas, cytoplasmic and nuclear fluorescence was markedly diminished. Since a
major component of the cytoskeleton in human skin epithelial cells is keratin,
results were compared with results obtained with fluorescent antibody techniques
using rabbit anti keratin and fluorescene coupled goat anti-rabbit sera. Thus far,
these techniques have revealed that basal layers of epithelial cells have substantial
variations in keratin levels and cytoplasmic organization. Furthermore, these
variations are not uniform but rather form clusters implying local cellular

regulation (see Tomei, J. Theoretical Biol. in press).
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EL Investigation in progress:

(1) Cell cycle effects of tumor promoters in skin fibroblasts are being examined
following Gl "staging" (i.e. pretreatment of cells with peptide hormones, steroid
hormones, and antioxidants during serum deprivation stage of G1 blockade).

(2) It is suspected that lung fibroblasts (human embryonic) will have distinctly
different responses to phorbol esters, presumably involving cell cycle activation
without a requirement for pretreatment.

(3) Another marker of tumor promoter activity has been related to induction of
trypsin resistant adhesion. Using 3 H-fucose (a 5 carbon carbohydrate), prelabelled
cells, it has thus far been found that TPA inhibits incorporation of the radiolabel3 H from the medium into the cytoskeleton by 15-25% over 48 hrs in the absence of
glucose in the extracellular medium.

We are currently examining the ability of TPA to increase the fraction of
detergent-resistant 3 H-fucose containing glycoproteins. It is known that TPA
substantially increased the resistance of skin fibroblasts to triton X-100 disruption.

Further experiments are in progress to determine responses of lung-derived
fibroblasts obtained from primary human mammary and mammary tumor cultures.

(4) Collaborative efforts are underway with Dr. Ernest Kuhn (U.C.S.F.) to
determine poly ADP ribose polymerase activities in skin and lung fibroblasts
and the effects of pretreatment with mouse tumor promoting phorbol esters,
non-phorbol esters and anti-oxidant agents.

Objective H

We have several papers in preparation on metabolite formation by skin fibroblast
and skin epithelial cells, see enclosed manuscripts. This work is continuing. We have
completed radiolabeling synthesis of the reduced A ring 7,12-DMBA and we are presently
investigating its possible metabolite profile using the radiolabelled compound.

iv. Papers Published in 1980 Sponsored by A.F.O.S.R.

1. G. Milo, R. Olsen, S. Weisbrode, and J. McCloskey (1980) Feline sarcoma virus
induced in vitro progression from premalignant to neoplastic transformation
of human diploid cells. In Vitro. 16:813-822.

2. G. Milo, S. Weisbrode, R. Zimmerman and J. McCloskey. (1981) Ultraviolet
radiation induced neoplastic transformation of normal human cells in vitro.
Chem. Biol. Int. 45-59.

3. G. Milo and J. DiPaolo (1980) Presensitization of human cells with extrinsic
signals to induce chemical carcinogenesis. Internat. J. of Cancer. 26, 805-
812.

4. Milo, G., G. A. Ackerman, and I. Noyes, 1980. Growth and ultrastructural
characterization of proliferating keratinocytes in vitro without added
extrinsic factors. In Vitro 12:20-30.
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5. Tejwani, R., S. Nesnow and G. Milo 1980. Analysis of intracellular
distribution and finding of benzo(a)pyrene in human diploid fibroblasts.
Cancer Letters, 10:57-65.

6. Noyes, I., G. Milo and C. Cunningham, 1980. Establishment of proliferating
human epithelial cells in vitro from cell suspensions of neonatal foreskin.
Tissue Culture Assoc. Lab. Manual 5:173-U76.

7. Milo, G., and J. Di Paolo, 1980. Presensitization of human cells with extrinsic
signals to induce chemical carcinogenesis. Int. J. of Cancer. 26:805-812.

8. Milo, G., R. Trewyn, R. Tejwani, and J. Oldham, 1980. Intertissue variation in
benzo(a)pyrene metabolism by human skin, lung and liver, in vitro. Advisory
group for aerospace research and development. NATO. Toxic Hazards in
Aviation. B7-1 to B7-9.
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Ultraviolet radiation induced neoplastic transformation of normal human
cells. Chem. Biol. Int. 36:45-49.

2. Milo, G., I. Noyes, and J. Donohoe, and S. Weisbrode, 1981. Neoplastic
transformation of human epithelial cells in vitro after chemical carcinogen
treatment. Cancer Res. In Press.

3. Milo, G., J. Oldham, R. Zimmerman, G. Hatch, and S. Weisbrode, 1981.
Characterization of human cells transformed by chemical and physical
carcinogens, in vitro. In Vitro, In Press.

4. Tejwani, R., Witiak, D., Inbasekaran, N., Cazer, F., and G. Milo, 1981.
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neoplastic transformation of human cells in vitro. Cancer Letters 13:119-127.

5. Tejwani, R., Trewyn, R., and G. Milo, 1981. Kinetics of movement of
Benzo(a)pyrene into transformable and non-transformable human diploid
fibroblasts. Symposium on polynuclear aromatic hydrocarbons. Batttelle
Memorial Inst. Vth ed. 97-107.

6. Tejwani, R., Jeffrey, A., and G. Milo, 1981. Benzo(a)pyrene diol epoxide DNA
adduct formation in transformable and non-transformable human foreskin
fibroblast cells in vitro. Carcinogenesis. Submitted.

7. Tejwani, R., and G. Milo. 1981 Metabolism of benzo(a)pyrene in transformable
and non-transformable human skin fibroblast cells. Cancer Res. Submitted.

8. Donahoe, J., Noyes, I., Milo, G., and S. Weisbrode, 1981. A comparison of
expression of anchorage independent growth with neoplasia carcinogen
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vitro. In Vitro. n Pres..

9. Cazer, F., Inbasekaran, N., Loper, J., Tejwani, R., Witiak, D., and G. Milo,
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polynuclear hydrocarbons. Battelle Memorial Inst. Vth ed. 499-506.



vi. Presentations, Ab tracts - FY - 1980

June 1980 Tissue Culture Assoc., St. Louis, Missouri. Establishment of human lung
epithelial cells in vitro.

June 1980 Amer. Soc. Biol. Chemistry BP metabolism by transformable human

skin fibroblasts.

Sept. 1980 NATO International Toxicology Symposium Toronto, Ontario.

Sept. 1980 Battelle Memorial Inst. Polynuclear Hydrocarbon Symposium. Kinetics
of Movement of BP into the nucleus of transformable cells.
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INTERTISSUE VARIATION IN 8ENZO(a)PYRENE METABOLISM
BY HUMAN SKIN, LUNG AND LIVER IN VITRO

George E. M11o,1,2 Ronal# W. Trawyn.1,2
Raman Tewani,l Jams W. Oldham,' and WIllam H.J. Douglas

3

lOepartmant of Physiological Chemistry
333 W. 10th Avenue and

2Comprehensive Cancer Center
1580 Cannon Drive

The Ohio State University
Columbus, Ohio 43210

3Oepartment of Anatomy
Tufts University
Boston, MA 02111

Running Title: Human Cell B(a)P Metabolism

SU9ARY
Benzo(a)pyrene £B(a)P], an environmental carcinogen, has been shown to transform human skin

fibrobiasts in vitro. This fossil fuel comustion product and other polynuclear hydrocarbons have
exhibited a requirement to be biotransformed to their ultimate carcinogenic forms to induce
transformation. D(a)P diol-epoxides are the most cited candidates as ultimate carcinogens.

When proliferating skin epithelial cells (Phase III type cells) were treated with 4H-8(a)P, 83%
was extractable into the organic phase as 8(a)P while In the non-proliferating cells 61% occured as the
parent B(a)P. Human Lung epithelial cells and liver hepatocytes were also treated with 3H-8(a)P and
the metabolites analyzed by IPLC. Patterns of metabolism of B(a)P by these cell populations were
dissimilar to those for skin epithelial cells. In lung and liver only 9.2-21.1% remained as
unmetabolized B(a)P in the non-proliferating cells, whereas 26.41 remained as I(ajp in the
proliferating lung cells.

Proliferating low passage human skin fibroblasts were treated for 24 hours with 3H-8(a)P after
which the metabolites were removed from the growth medium with ethyl acetate. Analysis of the organic
phase by HPLC demonstrated that 8(a)P-tetrols (diol epoxides), B(a)P-dlols and B(a)P-phenols
represented a small portion (2% ea.) of the metabolites.

Our results suggest that either the ultimate form of the carcinogen is different for fibroblasts
and epithelial cells or the quantitative generation of hydroxylated metabolites is not required for
neoplastic transformation in fibroblast cells. If hydroxylation is required, then the site of
nydroxylation may be the significant factor. Present evidence suggests that in B(a)P treated
fibroblasts the activation of B(a)P in the cell takes place other than the microsomal P450 complex,
presumably in the nucleus. In epithelial cells from primary target tissues, the microsomal P450
complex may play a more predominant role in the carcinogenesis process compared to the fibroblast
microsomal complex.

ABBREVIATIONS
a(a)P-Benzo(a)Pyrene; MEN-minimum essential medium-Eagle; FBS-fetal bovine serum;
,LG4 J-U(a)P-tritium-labeled benzo(a)pyrene; Cl-curie; BHT-butylated hydroxytoluene; HPLC-high
performance liquid chromatogm"PDL-population doubling; NFS-neonatal foreskin; HEL-huan embryonic
lung

INTRODUCTIOW
The metabolism of the environmental carcinogen benzo(a) pyrne CB(a)P] occurs in animal tissues

through several pathways intended for detoxification, i.e. the mixed function oxidases or by
conjugation with polar groups either sulfates, glucuronic acid or glutathione. These pathways yield a
ixture of organic and water soluble metabolites, many of which have been implicated as ultimate
carcinogenic forms of S(a)P (1-6).

Among the primary target tissues of 8(a)Poinduced carcinogenesis are the skin, lung and liver,
either due to direct exposure (skin, lung) or due to an ultimate role in datoxification (liver).
etabolite profiles of 8(a)P produced by cells in culture originating from any of these organs would be

very informative. Since most cancers are of pithelial origin (carcinomas), the mtabolism of &(a)P by
epithelial colls placed in culture from these target organs would be of particular interest.

B(a)P metabolism studies are available for several rodent species (7-10). Due to the concern over
numan exposure, however, B(a)P metabolite profiles from human cells would be more desirable
k11,12,13,14). In this report we describe the in vitro biotransformation of 8(a)P by human epidermis,
peripneral lung epithelial calls and liver paren-c'y--Tells in vitro. We compared also t p 9(a)P
.netabolite profiles of human intt,,4 ' .le with hf'".n "
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MATERIALS EhO

CG31 ()P (19 CI/ngedi) was purchased fo mshnSearle. Arlingtan heghs IL. Synthetic
B(a)P metabolite standards were received through the Chemical and Physical Carcinogenesis Branch.
National Cancer Institute. Bethesda, MD.

Eaglie's Minimum Essential Medium (MEN) containing 25 04 Hoepes buffer was purchased from Grand
Island Biological Co., Grand Island, NY. MEM-25 m14 Hepes :t pH 7.2 was supplemented with sodium
pyruvate (1.0 irN), glutanine (2.0 mill). nonessential amino acids (1X) and vitamins (1X) (15). All of
these supplements were obtained from N.A. Bloproducts, idalkrville. MD). The MENM also contained
sodium bicarbonate (0.2%) and gentam'cin(5gm)

Fetal bovine serum (FRS) was purchased from Reis Chemical Co.. Kankakee. IL. Collagenese was
obtained from Worthington Biochiemical Corp., Vineland. NJ. Instagel scintillation cocktail from Packard
Instrument Co. Downers Grove, IL, and methanol (NCB OnIlSolv) for 4PLC from Curtin Matheson
Scientific, Inc., Cleveland. ON.

Primary Skin Epith lialCllutrs
Primry ultresof uwAan neonatal foreskin epithelial calls were established as described

previously (16-18). This methoo involves an initial digestion of the tissue with collaganuse (16),
followed by selective detachmlent of fibroblasts with trypsin after the primary culture was estaolisned
(17,18).

Prima r, LMn 1pteilCl Cultures
M;,ma0 fe1tllung tisue Obtained f rom WilIliam J. Douglas (Tufts Uni versity) was enzymaitical ly

dispersed for 4 hours with 0.25% collagenase in MEN supplemented with 201 FBS. The digestions were
done at 37 C in a 41 C02 enriched air environmlent. The calls were centrifuged at 650 x g for 10
minutes, washed sith rEN, and resuspended in MEN4 containing 201 FBS. The cells wore then seeded at a
ccncentration of 20,000 cells/cm'f. After 2 hours, the residual lung cells in suspension were
removed, and the cells attached to the substratum were fed with MEM containing 401 FBS.

The primary lung cell cultures contained less than 101 fibroblasts when the 8(a)P metabolism
studies were undertaken. They were composed of mixtures of epithelia) cell types. Howver, the major
portion of the population contained lamellar structures, tonfilmnts, and aesmasomes as determined by
electron micrsocopy. At this time, we have designated these cultures as mixed peripheral lung
epithelia? cell populations.
Primar LieUaecye Cel Clres

rml 7aault huma lir was obtained from the Tumor Procuremeont and Pathology Laboratory,
Comprehensive Cancer Center, Ohio State University. Liver from surgery was placed immediately into
culture by a modification of the method of Schaeffer and Kessler (19). The tissue was minced into I to
2 'mm pieces and Incubated at 37 C for 6 hours in the presence of 0.25% collagenase in MEN containing
201 FBS. Following the incubation. FBS was added to a final concentration of 50% and the parenchymI
cells were selectively pelleted by centrifugation at 650 x 9 for 3 minutes. The cells, were
resuspended in MEN containing 20% FBS and insulin (0 5 Uaml). and were seeded Into 25 cm2 tissue
culture flasks at a concentration of 15,000 cells/cmJ. Following a 4 hour attachment period at 37 C
in a 41 CO2 enriched air environment, the cultures were washed to remove debris. The cultures were
fed with MEM containing 201 FBS, and a confluient primary culture of parenchymal cells was obtained
within 72 hours. The cultures were comprised of greater than 951 liver parenchymal cells.
Primar Skin qirolast Cell Cultures

uman' nent bfreak in fibroblasts were grown, serially-subpassaged and treated with B(a)P as
desibed prevsy (2).

Trtment of Ceils with [G-3Di] B (a)P (O.lO5uMl at I mCi/mI, 19 CW/mole) was accomplished after
dissolving the compound in spectral grade acetone. The final sol Wtions were added to MEN containing
101 FBS at 37*C. The [G-1141 B(a)P-containing medium (3.3 ml/25 cm' flask) was used to feed the
cultures, after wiih they were incubated at 37*C in a 41 CO? enriched air environment (20). All
procedures with [G~-SH] B(a)P were carried out under yellow light.
3a P Neaolit EItraIon

To t3%0 WrS air the administration of radiolabeled B(a)P. aliquots of the growth medium
ere removed and partitioned with 3 volumes of ethyl acetate containing the antioxidant butylated

tiydroxy toluene (WH. 0.8 mg/mI). The phases were separated, and the organic phase was passed over
anhydrous sodium sulfate, filtered, dried under argon, and stored at -20 C. The sample was dissolved
in 2O0y) methanol, and centrifuged at 12,000 x g for 2 minutes to remove particulate matter prior to
analysis by 1PL.
HPLC Anlysis

Th s olvent delivery system consisted of a Beckmn (Beckman Instruiments, Inc., Irvine, CA) Model
322 MP programmable HPLC with CRlIA integrating printer plotter. The system was equipped with a Model
153 fixed-wavelength UV (254 rm) detector, and fractions were collected directly in scintillation
rinivials with an LKS Model 2112 fraction collector. The reversed phase column utilized was a Beckmnn
Ultrasphere-OOS (150 x 4.6 mm).

The colun was equilibrated with 85% melthanol In water, and the flow rate was 1 mi/mlinute
throughout the analysis. A 20 ml saimple was injected, and elution was initiated with 4almbil phase Of
851 methanol in water. After 30 seconds, the methanol concentration was increased to 1001 over a j
period of 1.5 minutes. Aliquots of 0.2 nil were collected in each minivial and 2 ml of Instagel
scintillation cocktail was added. Radioactivity was measured with a Beckman LS-9000 scintillation
counter. After complete elution of the hydrocarbons, the columin was re-equilibrateld with 851 methanol
for 8 to 10 minutes. Authentic B(a)P mtabolite standards wee detected by UV absiorbance at 254 nml.



RESULTS
Representative cultures of human peripheral lung epithelial cells (HEL), skin epithelial cells,

and liver parenchymal cells are sho n in Figure 1. The lung (Figure lA) and liver (Figure IC) cells
attach to the substratum, and they will each grow to a confluent monolayer. The skin epithelial cells
(Figure 18) hive the additional capability of being able to grow in a vertically stratified layer. For
uur purposes. proliferating cell cultures are those that have significant areas of the substratum
(usually 40-501) not covered with cells, while non-proliferating cultures are confluent. The skin
epithelia) cells exhibit vertical stratification under both circumstances. The proliferative states of
duplicate cultures were yeiflied by 414-thymidine-laboeling and autoradiogrphy (data not sham).

The conversion of [G-M H](a)P to water soluble metabolites by human epithelial cells derived
from lung, skin and liver is presented in Table 1. The cells from lung and liver generated
significantly greater amounts of the water soluble metabolites than the skin epithelial cells.

The ethyl acetate-soluble metabolites of 8(a)P generated by proliferating MEL epithelial cells is
depicted in Figure 2. The HPLC data indicates that less than 30S of the organi'-soluble material is
accounted for by the parent hydrocarbon 8(a)P. The major portion of the radioactivity (34.3%) was
localized under the 8(a)P-tetrol peak. The relative dtstri'l.tion of ethyl acetate-soluble metabolites
is sumIrized on line one of Table 2.

A significant difference in the HPLC metabolite profile of non-proliferating MEL epithelial cells
can be seen in Figure 3. Although there is little difference in the amount of 8(a)P-tetrols produced
ty proliferating, (Figure 2) and non-proliferating (Figure 3) MEL cells, a major polar derivative peak
is predominant in the latter. In addition, a B(a)P-diol peak in Figure 3 is almest non-existent. The
early eluting polar cponent produced by non-proliferating MEL cells is made up almost totally of
i(a)P sulfate conjugates because this peak is reduced greater than W% by treatmant with arylsulfatase
,data nat presented). Again, a summry of relative 8(a)P-metabolito production by the
non-proliferating MEL cells is presented in Table 2. There is a decrease in the amounts of both B(a)P
diols and phenols when compared to proliferating MEL cells, and more of the 8(a)P is metabolized.

Proliferating NFS epithelial cells metabolize much less B(a)P than MEL cells (Table 2). After 24
hours, 53.9% of the ethyl acetate-extractaole hydrocarbon is the parent compound $(a)P. None of the
3(alP-metabolites account for more than 4.51 of the radiolabeled material.

Mon-proliferating VhFS epithelial cells metabolize more than twice as much 8(&)P than proliferating
FS cells (Table 2). As with MEL cells, the major increase is in the synthesis of polar derivatives.
'he confluent NFS culture gives rise to sommehat more 8(a)P-tetrol. but there is little change in B(a)P
JiolIs and phenols.

Profiles of intracellular distribution of B(a)P-mitabolites (foreskin fibroblasts) revealed that a
iiajor portion of the 8(a)P remains in its parent form, (21). Extracellular oxygenated mtabolites
account for less than 101 of the added 5(a)P after 24 hour treatment, Figure 3. B(a)P-tetrols, diols
and phenols accounted for less than 1% of the remaining metabolites.

Liver parenchymal cells actively metabolize B(a)P similar to MEL epithelial cells (Table 2). Only
21.1% of the organic soluble hydrocarbon is unmatabolized 3(a)P after 24 hourt. Polar derivatives
26.3%) and (a)P-tetrols (25.21) are found in significant amounts in the medium of the confluent liver
:ell culture. Soth levels are similar to those in the confluent MEL epithelia) t&l culture and higher
tnan the NFS epithelial cell culture.

DISCUSSION
Call proliferation is required for the fixation of the carcinogenic event. We have been able to

nmluce neoplastic transformation of normal human fibroolasts with a variety of chemicals. including
4(a)P, if the cells are in an enhanced proliferative state (2,15). However, we have not been able to
:-ansfor confluent, non-oroliferating humn cells even if the cells are subpassaged and allowed to
livide immediately after the carcinogen treatment.

Even though cell proliferation is required for chemical carcinogen-induced neoplastic
transformation, most studies of 8(a)P activation make use of non-proliferating cell cultures
.3,4,7,11,13,14,22). it has been shown with human skin fibroblasts, that stationary (non-groliferating)
cultures established by seeding cells at a low density in nutrient-deficient madium yield 10 times more
* xyg nated 8(a)P-metabolites than proliferating cultures (4). The significance of these oxygenated
JAaiP metabolites to carcinogensis is unknown. We reported previously that non-confluent skin
fibroblasts transport B(a)P to the nucleus while confluent fibroblast do not (2,20). Therefore, the
increasto metabolism by non-proliferating cultures may be without effect.

4umen epithelial cells exhibit different growth characteristics in vitro when compared to
,broblasts, and most human cancers are of epithelial origin (carcinoimsT; therefore, we felt it was of
,nteort to examine the metabolism of B(a)P. by epithelial cells under proliferating conditions which
fJvor transformation and under non-groiiferating conditions which do not favor transformation.
.pithelial cells from different primary target tissues were utilized to assess intertissue variation.

The lung and liver cell cultures produce more water soluble metabolites than do the skin cells
J40ole 1j. The wator-soluble derivatives consist minly of detaxified conjugates of 5(&)P (13.22).

onsifteng that the epidermis is an effective physical barrier, the nee for an active detoxification
;athway may be less important than with lung and liver.

3(4)P diol-epoxides are considered to be the ultimate carcinogenic metabolites of B(a)P (1,23).
"me itabolic activation of 8(a)P occurs at the P450 locus in the pla*I mebrane. and the

3 a)P-diol-1poxides synthesized form adducts predominantly with zhe NM noiety of guanine in nucleic
acids (21-23). Such interactions with ODA are thought to be responsible for the induction of
carcinogenesi S.

In an aqueous environment, B(a)P-diol-poxides are rapidly hydrolyzed to (a)P-tetrols. so these
are the most significant products one can measure in the ethyl acetate phase. Little change was
observed in the generation of 8(a)P-tetrols by proliferating and non-proliferating human epithelial
:ell cultures (Table 2). This indicates that the activation pathway is functioning under both
circumstances, and that the ultimate carcinogenic 8(a)P-diol-epoxides are synthesized.

The early eluting polar B(a)P metabolite peak (Figure 3; Table 2) is composed predominantly, if
not totally, of B(a)P sulfate conjugates. Extraction of these detoxificatlon products of S(a)P phenols
4ith ethyl acetate has been reported using a different chromtographic system (7.24). Our results for
numan epithelia] cells are consistent with this detoxification pathway being activated in
non-oroliferating cells. with the HEL cells (Figure 2 and 3; Table 2). the increase in the early polarderivative(s) in the confluent culture is accompanied by a decrease in &(a)P-nh~ml- -no ,



The results presented in this manuscript demonstrate that human lung epithelial ceils and liver
parenchymal cells biotransform &(a)P to a much greater extent than do human skin epithelial cells. The
increased blotransformation involves both the activation and the detoxification pathways. In addition,
non-proliferating epithelial cells have a greater propensity for deactivating 9(a)P than do
proliferating epithelial ls. This mAy help ePlain the nred for cell proliferation during
carcinogen exposure in order to obtain transformed calls in vitro.

Transformable fibroblast cell populations (Z) produc'ess -tan 3% hydroxyated-epoxlde
metabolites (oxygenated forms). (21). In excess of 981 of the 8(a)P remins as B(a)P.

The Intracallular distribution of S(A)P in the fibroblasts appears to occur as %(&)P bound to a
low molecular weight lipaprotein (21). Our present OKA adduct data (Tejwani. Jeffery and Milo,
4npubliShed data) suggests that the ultimate major carcinogenic fore in the nucleus is Benzo(a)Pyrene
7.8 dial 9,10 epoxide -I (anti )-dfyta uanostne . This adduct has Deen reported by others to be the
major adduct excised by the error free repair system from the DNA, (2S,26). In fibroblasts, activation
by the microsomal P45O co plex is not necessary to biotransform B(a)P to an oxygenated carcinogenic
derivative, howlver activation must occur prior to Induction of carcitogenesis. We conclude from these
data that the oxygenation of the a(a)F to the carcinogenic metabolite must take place in another
intracellular location. presumably the nucleus.

A proposed mchanism for the biotransformation of 8(a)P in fibroblasts followed by the Induction
of a carcinogenic event is presented here.
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Similar studies are in progress with human epithelial cells from target tissues to describe B(a)P
activation and induction of a carcinogenic event.

Table I

Partitioning of Radioactivity After Incubation of Human
Epithelia] Calls with [G-SH18(a)P for 24 Hours

Percent
Cells Organic-soluble Water-soluble

HEL.
Proliferating 60 40
Non-proliferating 52 48

NFS
Proliferating 77 23
Non-proliferating 81 19

Liver
Non-proliferating 42 58

TABLE 2

3(a)P Metabolites Produced by Human Epithellal Calls After Incubation with [EG-3H35(a)P
for 24 Hoursd.

Polar B(AlP a (&)P Unidentified a (AT
Cells Derivativesb Tetrols Dials Netabolitec Phenols B(a)P

!Proliferating 34.3 13.7 9.5 12.2 26.4

ton-pro lftrating3i]2. 20 93. 92

NFS
Proliferating 1.9 4.5 1.2 3.4 2.1 83.9
ion-Proliferating 17.0 9.4 1.8 3.0 1.8 60.5

Liver
Non-proliferating 26.3 25.2 3.5 11.6 3.2 21.1

dThe values are expressed as percent of total radioactivity, and they represent the
integrated values under the HPLC peaks.

Treatment with aryl sulfatase removes greater than 80% of this componient indicating
it Is predominantly a sulfate conjugate of B(a)P.

c8(a)P-6,12.do and 6-hydroxymethyl-8(a)P co-eluta at this position.
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SUMMARY

The polynuclear aromatic hydrocarbons (PAH) benzo[a] pyrene (BP) and
the A-ring reduced analogue of 7,12-dimethylbenz[a] anthracene (DMBA),
1,2 ,3,4-tetrahydro7,12-diimethylbenz[a]anthracene (TH-DMBA) are carcino-
genic to human cells. The unsaturated PAH, DMBA exhibits no carcinogenic
activity on human cells as measured by growth in soft agar. The TH-DMBA
and BP treated cells exhibit a colony frequency in soft agar of 84 and 86,
respectively. These anchorage independent cells, when seeded on the chick
embryonic skin (CES) organ cultures, are invasive and form a fibrosarcoma.
It is highly unlikely that TH-DMBA, which does not contain an aromatic
A-ring, can undergo metabolism in human cells in culture to form a bay
region 3,4-dihydrodiol-1,2-epoxide. These results suggest that an alternate
mechanism for the induction of carcinogenesis is appropriate to explain the
absence of bay region diol-epoxide metabolite as the ultimate form of the
carcinogen in TH-DMBA induced carcinogenesis in human diploid cells.

INTRODUCTION

Metabolic conversion of PAH such as BP and DMBA has been shown to
precede an expression of their toxic, mutagenic or carcinogenic activities
[1.2,5,6,17,21]. Our previous studies with BP have indicated that this car-

*Research supported in part by an award from AF F49620-80-C-0085 and EPA
R-806638-1 and by National Cancer Institute grants CA-16058, CA-25445 and CA-
21371.
**To whom request for reprints should be addresed.
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cinogen can induce neoplastic transformation in proliferating human skin
fibroblast cells when added during the S phase of the cell cycle [4, Milo
et al., unpublished data]. Although DMBA can induce a carcinogenic event
in rodent cells in culture [121, this PA-I does not induce such an event in
proliferating human skin fibroblast cells in culture [41.

Previous results from our laboratory have indicated that BP is taken up
and initially bound to a cytoplasmic lipoprotein complex present in human
skin fibroblast cells before being transported to the nucleus [4,19, Tejwani,
unpublished data). DMBA, on the other hand, is randomly dispersed
throughout these cells and is not bound to the cytoplasmic lipoprotein
complex [4, Tejwani, unpublished data]. These differences may in part
explain the induction of neoplastic transformation in the normal human skin
fibroblast cells by BP and not by DMBA.

The bay region diol-epoxide of DMBA, the 3,4-dihydrodiol-1,2-epoxide.
has been proposed to be the major metabolite responsible for the mutagenic
and carcinogenic activities of this PA- in rodent cells [3,181. Consistent
with this proposal, DMBA exhibits mutagenicity in the Ames assay only
in the presence of a microsomal activation system [7 ].

The observation that the PA- TH-DMBA was mutagenic in the absence or
presence of a microsomal activation system, using 3 strains (TA1537, TA98,
TA100) of Salmonella typhimurium [71, provided impetus to study this
A-ring reduced analogue for carcinogenic activity, using human cells. Since
TH-DMBA cannot be expected to yield a bay region diol-epoxide unless
it was first oxidized (aromatized) to DMBA, this A-ring reduced analogue
should serve as a useful probe for investigating alternate mechanisms of
transformation.

In our laboratory, we have defined several indices of human fibroblast
cell transformation in response to a variety of chemical carcinogens. These
include morphological changes, extended life span, growth in culture condi-
tions toxic for untreated normal cells, increase in lectin agglutinability and
alteration in cellular prostagandin levels [101. The anchorage-independent
growth of transformed cells in soft agar has been the most consistent and
reliable indicator of tumor production in athymic nude mice and on the
CES organ culture system.

In this report, data are presented on the carcinogenicity of TH-DMBA in
human neonatal foreskin (HNF) fibroblast cells in culture.

MATERIALS AND METHODS

Chemicals
DMBA was purchased from Eastman Chemical Company and BP was

received from the National Cancer Institute Repository. TH-DMBA was
synthesized by a method previously described [7,20] . The hydrocarbon was
purified on a Spherisorb ODS 5 gm column (4.5 mm X 25 cm) using a linear
gradient of 25-100% methanol for 1 h. All solvents were of reagent or
analytical grade.
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Cell cultures and treatment of cells with PAR
Primary HNF cell cultures were established as described previously [14].

Randomly proliferating cell populations, derived from human foreskin
tissues dispersed with collagenase, were passaged in complete growth
medium (CM) composed of Eagle's minimum essential medium: 25 mM
Hepes buffer (pH 7.2) supplemented with 1 mM sodium pyruvate, 0.1 mM
-non-essential amino acids, 2 mM glutamine, 50 pg/ml gentocin, 0.2% sodium
bicarbonate and 10% fetal bovine serum (FBS) in a 4% CO-enriched air
atmosphere at 370C. HNF cells passaged at a 1 : 4 split ratio reached con-
fluency in 4 days.

Preconfluent (70-80%) logarithmically growing HNF cell populations
between population doubling (PDL) 4 to 5 were blocked at the G,/S phase
of the cell cycle by feeding the cultures with non-proliferating Dulbecco's
modified Eagle's medium supplemented with 50 pg/ml gentocin, 1 mM
sodium pyruvate and 10% dialyzed FBS [8-10]. Twenty four hours after
seeding, when the mitotic index was 0.1% to 0%, the non-proliferating
medium was removed and the cell cultures were re-fed with CM supple-
mented with 0.5 Uiml insulin. Thirty four hours after seeding, the synchron-
ized cell cultures were treated with 3.2 pg/ml of BP, 1 pg/ml of DMBA or
0.5 mg/ml of TH-DMBA in acetone. Cell cultures to which an equal volume
of acetone was added served as controls. The carcinogen was allowed to
remain in contact with the cells during the S phase of the cell cycle which
was 8.2 h long [8-101.

Selection of transformed cell populations
Forty eight hours after seeding, the cell cultures were passaged at a 1 : 2

split ratio into CM supplemented with 2X essential vitamins, 8X non-essential
amino acids and 20% FBS (selection medium). The cell populations were
serially passaged at 1 : 10 split ratio into the selection medium [8-10].
After 16 PDL, the cell populations were seeded into soft agar.

Anchorage independent growth
The treated and control cell populations were trypsinised and seeded at

50,000 cellsi25 cm' well in 2 ml of 0.33% soft agar and Dulbecco's LoCal
medium supplemented with I mM sodium pyruvate, 0.1 mM non-essential
amino acids, 2 mnM glutamine, 50 mg/mI gentocin, 0.2% sodium bicarbonate,
lX essential vitamins, lX essential amino acids and 20% FBS. The cells were
layered over 5 ml of a 2% agar base prepared in RPMI 1629 medium
supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential amino
acids, 2 mIM glutanine, 50 pg/m gentocin, 0.2% sodium bicarbonate, Ix
essential vitamins, lX essential amino acids and 20% FBS [8-10]. The
soft agar cultures were incubated at 37°C in a 4% CO,-enriched air atmo-
sphere. Three weeks later, the colonies were removed with a tuberculin
syringe (20 gauge needle) and seeded into the selection medium. After
attachment and sufficient growth, the cell cultures were trypsinized and
re-seeded in order to evenly distribute the cells from the monolayer colonies.
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The cell cultures were passaged once at a 1 : 4 split ratio and then seeded on
the CES to evaluate neoplasia.

Neoplastic transformation
The cell populations at PDL 36 were seeded on the CES organ cultures

prepared from 9 to 18-day-oid fertilized eggs [Milo et al., unpublished data].
The CES were layered onto an agar base containing 10 parts of 1% Agar in
Earle's balanced salt solution, 4 parts of chick embryo extract and 4 parts of
FBS.

Then, cells (10') from treated and control cultures were suspended in
0.025 ml CM supplemented with 20% FBS and seeded on the CES. Three
days later, the skins were removed and fixed in Bouin's solution. Transverse
sections (5 Mm) were stained with hematoxylln and eosin and examined for
the presence of invasive features.

RESULTS

Chemical carcinogen induced neoplastic transformation of HNF cells in
culture was carried out by the procedure of Milo and DiPaolo [8,9].
Randomly proliferating low passage cell populations were seeded into
amino acid deficient medium to block them at the GI/S phase of the cell
cycle. The cell populations were released from the block in presence of a
growth promoter. Ten hours later, in the S phase of the cell cycle, the cell
cultures were treated with BP, DMBA or TH-DMBA. Cell populations
transformed by BP, DMBA or TH-DMBA were serially passaged for 16 PDL

TABLE 1

CHARACTERIZATION OF TRANSFORMED HUMAN FORESKIN FIBROBLAST
CELLS THROUGH ANCHORAGE INDEPENDENT STAGE AND NEOPLASTIC
STAGE OF CARCINOGENESIS

Compound Concentration Evidence of colony Incidence of tumor
(og/mIr) formation in soft agrb formation in CESe

BP 3.2 86 11d

DMBA 1 0 N.D.
TH-DMBA 0.5 84 1/1

The concentration of each of these compounds was appropriately selected from results
of previous work (4 1.
bFotr wels (25 cmfwedl) were seeded with 50,000 cels/well in 0.33% soft agar supple-
merited with growth medium, over a 2% apar base [8-101. The values for colony forma-
tion reported here wer the number of colonies formed per 10' cells seeded into soft
sWat (8-101.
eThese values reported here were for 4 CF, seeded with 10' cells(CES and evaluated
3 days later. Normal untreated cells did not invade the tissue.
dBP treated cells were also evaluated for tumor formation in nude mice (4 1. The treated
ceils were positive and formed tumors.
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and seeded into soft agar to evaluate anchorage independent growth. BP
(3.2 ug/mil) treated cells exhibited anchorage independent growth with a
frequency of colony formation of 86/10 cells (Table 1). Although DMBA
(I g/il) did not transform HNF cells in culture as measured by anchorage
independent growth, cells transformed by TH-DMBA (0.5 ,g/ml) grew to
spherical colonies 10-12 days after seeding on soft agar (Fig. 1), with a
frequency of colony formation of 84/101 cells (Table 1).

The BP and TH-DMBA treated cell populations exhibiting anchorage inde-
pendent growth were seeded outo the CES to evaluate neoplasia. These
transformed cell populations were invasive on the CES and produced fibro-
sarcomas (Fig. 2). The tumors were designated as fibrosarcoinu because of
the presence of mitotic figures in the tumor tissue.

Following growth in soft agar and re-seeding into monolayer cultures,
BP treated cells were also evaluated for neoplasia in nude mice. Six-week-old
mice received 5 x 10' cels subcutaneously. Four weeks later, the tumors
were excised and submitted to histopathology for evaluation. The tumors
produced were identified as fibrosarcomas.

-44

C . . '1061 " .

Fig 1. Randomly prolifeatin lINT cell populations blocked in the G, phase of the cell
cycle we released from the block and subsequently treated with TH-DMBA. The cel
populations wet serially pasuaged for 16 VDL and smded at 50,000 eallsI2S cnm well
into saoft sr as desibed under Materials and Methods. T7b soft star cultur wet
incubated at 37'C in a 4% CO-enriched six atmosphere for 3 weeks. Sach colony con-
tained 50-300 calls, 14 days following seeding into soft aur.

f
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Fig. 2. The BP or TH-DMA treated call populations exhibiting anchrg idpendent
growth were removed and aerially passaed. Then. 10' cells suspended in 0.025 ml CMI
supplemented with 20% FMS were seeded on the CES (Milo et &L, unpublished data!1.
Three days later, the CE8 were fIxed in Bouin's solution, stained with hematoxylin and
e*sin and microscopically examined. (A) represents normal untreated fibrobla~st ess
seeded on the CES at 16OX magnification. (B) represents TH*DMBA treated cell popula-
tions growing on the CBS at Ileox magnification.
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DISCUSSION

The PAH TH-DMBA was mutagenic in the Ames assay both with and
without metabolic activation in 3 strains of S. typhimurium [7]. In fact,
this A-ring reduced analogue was more mutagenic in the absence of micro.
somal activation using the plasmid deficient strain TA1537 (7]. TA1538 and
the missense tester strain TA1535, which are relatively insensitive to DMBA
mutagenesis were not mutated by TH-DMBA [7]. Nonetheless, DMBA
required metabolic activation by addition of the S9 microsomal fraction in
order to elicit mutagenicity in strains TA1537, TA98 and TAI0O [7],
whereas TH-DMBA required no such metabolic activation. TH-DMBA, in the
absence of the S9 fraction had mutagenic properties similar to metabolically
activated DMBA. This is a marked departure from other PAH which require
an activating system or chemical modification to a reactive species to effect
mutagenesis in the Ames assay. Thus, even 3,4-dihydrodiol-7-methylbenz(a ]-
anthracene was non-mutagenic in the strain TA98, when cofactors required
for the microsomal activation system were omitted (11].

Previous results have indicated that when HNF cells are treated with BP, a
major portion of the PAH is bound to a cytoplasmic lipoprotein complex
and is subsequently transported to the nucleus as the parent compound
[4,19, Tejwani, unpublished data]. HPLC analysis of the BP metabolites
covalently bound to DNA has indicated a low level of BP metabolism taking
place in these cells, with the formation of a small amount of the BP-7,8-diol-
9,10-epoxide-l-deoxyguanosine adduct [Tejwani, unpublished data] . In the
present study, BP also induced neoplastic transformation in the HNF cells
and the treated cell populations exhibited anchorage independent growth
with a frequency of colony formation of 86/10 cells seeded in soft agar.
These transformed cell populations were invasive on the CES and produced
a fibrosarcoma.

Although DMBA did not transform HNF cells in culture as measured by
anchorage independent growth, it was interesting to observe that TH-DMBA,
the analogue of DMBA completely reduced in the bay region, could induce
neoplastic transformation in these cells and was as potent as BP, at 1/6 the
dose of BP used. This pronounced activity of TH-DMBA is similar to what
would be expected in our system if we were assessing an ultimate carcinogen.

Previous reports have indicated that 1 ,2,3,4-tetrahydro-7-methylbenz(a]-
anthracene,a 12-desmethyl analogue of TH-DMBA, is non-carcinogenic [16].
It is known that the 12-methyl function in DMBA provides sufficient steric
interaction with the C -carbon-hydrogen of the A-ring to stabilize a ketone
function at position 5 owing to decreased planarity of the tetracyclic system
[13,14]. In TH-DMBA the C 2 -CI interaction freezes the ring A in a half-
chair conformation with C2 slightly and C3 markedly out of plane with the
aromatic anthracene system. The speculative A-ring triol of DMBA, possibly
arising by reaction of DNA or other macromolecuar nucleophile with the
proposed bay region 3,4-dihydrodiol-1,2-epoxide, is expected to have a
similar conformation.

1!
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These observations question the necessity for metabolic activation in the
case of TH-DMBA as a prerequisite to macromolecular binding and sub-
sequent transformation in human cells. Work is in progress employing radio-
labeled TH.DMBA to further assess this phenomenon.
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SUM.MARY

Human diploid cells morphologically transformed by feline sarcoma virus were serially
propagated under selective cell culture conditions. When injected into nude mice prior to
passage in soft agar 10.35% 1. morphologically transformed cells did not produce tumors.
However. when propagated under selective cell culture conditions, transformed cells grew

in soft agar and. when injected subcutaneously into the subcapsular region of the nu, nm
mice. produced neoplastic nodules histopathologically interpreted as fibromas. Karyologi-
cal examination of cell populations grown out from the tumors confirmed that the tumors
were composed of human cells. Examination of electron micrographs of the excised tumor
tissue revealed the presence of budding virus particles. Tumor cells isolated from nude
mice and morphologically transformed cells both contained the feline oncornavirus-associ-
ated cell membrane antigen. It was concluded that expression of feline oncornaviru-

associated cell membrane antigen is associated with an early stage of feline retrovirus-
induced carcinogenesis. namely focus formation. In addition, it was shown that FeLV-
FeSV can induce morphological transformation in human cells in vitro and that there is a
requirement for the cells to passage through soft agar before subsequent tumor formation

I neoplastic transformation I can be demor!trated.

Key words: feline sarcoma virus; neoplastic transformation. human diploid cells.

INTRODUCTION in cats 15.6.181 and other pecies. The oncogenic

Feline retroviruses have been reported to trans. properties of FeLV FeSV in humans are not

form cells of numerous animal species including known.

hamsters 0-41. cats 15-7). dogs 2.4.8.9. pigs The objectives of this study were to determine

12.51. sheep lO, monkeys 1i1t, and humans the optimal in vitro conditions of transformation

14.7.9.10. 12-15) morphologically. However. rat of human diploid cells by FeLV FeSV and the

and mouse cells are refractory 1161 along with oncogenic potential of these transformed cells in

WI-38 cells I17). to feline retrovirus transforma- nr i nu mice.

tion and thus there are no reports about neoplastic
transformation. i.e.. the ability to produce tumors
with the in vitro transformed cells in an appropri- MATERIALS 4ND METHODS
ate animal host. Primary NFS cultures. Primary human cell

Although the role of feline retrovirus in spon- cultures I NFS) established from foreskin tissue as
taneous neoplastic diseases of various heterolo- previously described 1191, were maintained on
gous animal hosts is not known, the feline sar- Eagle's minimal essential medium iMEM.
coma virus IFeLV/FeSV) induces fibrosarcomas Hanks' buffered salt solution IHBSS). 25 mM

813
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HEPES buffer at pH 7.2 IGIBCO. Grand Island. previously for the growth of feline leukemia virus-
NY). I mMW sodium pyruvate. 2 mM~ gluitamine. transformed I FL-741 cells in suspension culture
30 iig Gentamyciniml fSchering Diagnostics. 120); MEM-C&a' - 'MI* and EBM LoCal were
Port Reading. NJ). 0.2% sodium bicarbonate, selected because these elements have previously
and 10% fetal bovine serum PFBSI Biofluids. been found to alter Adeno-12-induced focus
Inc.. Rockville. MD 1. formation of hamster emibryo cells '21) and to

Preparation of stocks of Snyder- Theilden FeSV. alter susceptibility and refractoriness of Yaba
Stocks of ST-FeSV were prepared as previously tumor pox virus-induced focus formation 122).
described 1201. Feline embryo cells at 30 to 70% Release of infectious virus from FeS~infected
confluency were treated with DEAE-dextran human colls. Pure populations of FeSV-infected
*44bg/ml) in L-15 medium IGlBCOI at room human cells growing on either EBM LoCal.
temperature for 20 min. Following removal of the McCoy's SA. or MEM media were assayed for
DEAE-dextrsn. a virus inoculwn in L-15 the release of infectious virus. Twenty-four hours
medium supplemented with 5% FBS was added after seeding at PDL 20. or as the cells stopped
to the cell sheet for 2 hr. The cell sheet was then proliferating. aliquots of the supernatant solu-
refed with L-15 medium + 15% FBS &nd iticu- tions were removed and filtered through a 0.22.
bated for T to 10 days at 370 C in a 4% C01- pin Swinnex Millipore filter. then diluted and
enriched atmosphere. The cells were harvested by used as inoculum. Ten days later, the infected
scraping and subjected to two cycles of rapid plates were fixed in 10% formalin and stained
freezing in dry ice: 95% ethanol and thawing ins a with hematoxylin and ehsin. Finally, the foci were
370 C water bath. The cell suspensions were enumerated. These foci contained cells that were
centrifuged at 350 xg for 10 min; the supernatant morphologically distinct from the normal cells
solution was filtered through a 0.45-&im Millipore Isve abozve) and are hereafter referred to as
filter and stored in 0.S-ml aliquots at -700 C. morphologically transformed cells.

Select ion of -pure- populations of FeSV- Passage of morphologically transformed cells
infected human cells. Preconfluent cell popula- through soft agar. Soft agar was used assa suspen-
tions at population doubiling 1PDLj 4 to 14 111 sion medium for the growth of morphologically
were seeded at 0.3 to 1.0 x 10' celli cmn' in MEMI FeSV-tranaforined cells. A 2% agar base. RPMI
-- 10% FBS. After each split at a 1:4 split ratio. 1629 medium iGIBCOI was supplemented with
the PDL were increased by 2. After 24 hr. the 20% FBS. Tranaformed cells were harvested
cells were inoculated with 1.250 dilution of FeSV. from the supernatant solution and resuspended in
which had a titer of 0. 1" x20 focus forming units EBIM LoCal medium + 20%" PBS. 1%' essential
ffui i ml. The protocol for inoculation was identi- amino acids. 1% essential vitamins. 0.35% agar.

cal to that used on the human diploid cell cultures I mil sodium pyruvate. 2 =14 glutatmine. 0.2%
except that MEM growth medium was used in sodium bicarbonate, and 50 og tml Gentamycin.
place of L- 1S. Ten days later. the cultures, which Two milliliters of this cell suspension were seeded
contained 10) foci/cm' for a 20-cm' plate, were at 1-2 x 101 cells' ml over the agar base plates.
passaged 1:4. Those areas in the confluent culture These media were used because the morphologi-
containing hyperrefractile cells that stained cally transformed cells pow more optimally in
densely with hematoxylin were identified as foci these media. We have tried RHMI 164. MEM.

121. The cultures attained confluency in 3 days BME. et cetera with less success.
and were serially passaged thereafter 1:10 until FOCMA detection. An indirect immuzso-
~pure- populations were attained that contain fluorescence test for FOCMA 1231 was performed

100% feline oncornavirus cell membrane antigen on the morphologically transformed cells. Pro-
FOCMAI- positive cell populations. These in- liferating transformed cells from either mono-

fected cell populations required 8 to Q days to layers or soft agar were harvested by centrifuga-
reach saturation density. tion at 650 xg for 7 min at a cell density of 0.3 to

Effects of different growth media on prolifera. 1.0"x 101, The reference primary reagent Icat
tion of FeSV-infected cells. Cells were seeded at serum) used in this study was from a FOCMA
1: 10 dilutions into different growth media supple- antibody-ostive cat that was persistently
mented with 10% FBS. Cell proliferation was viremic. This agent was shown to be specific for
then monitored in either McCov's 5A. MEM- FOCMNA. since absorption of the sertum with in-
Mg-. MEM iGIBCOI or EBM LoCal 'Biolabs. tact and ether-disrupted 1FeLV 110" purified
Northbrookc. 1L). McCoy's SA medium was used particlesi of serum)I did not decrease antibody
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titers 124l. In addition. this reagent produced liferating populations isolated from boluses ob-
membrane fluorescence on FeSV-iniected human tained from soft agar were scraped from the sub-
neonatal foreskin cells, but not on uninfected stratum of the flasks. pelletized by centrifugation
human foreskin cells Iw upublished data I.- at 650 xg for 7 min. and fixed in 3% lutaralde-

Histopaelaodory and electron nrucroacopy. hyde-I). 1 11 cacody late buffer at pH 7.4 for
Tumors of FeSV-infected cells and FeSV-iftfected examination under an electron microscope.
cell populations prepared from boluses growing in Karorype analysis of excised tumors. Tumors
soft agar were prepared for histopathology and from 0.8 to 1.2 cut in length were identified at the
electron microscopy. site of injection after 6 weeks. These tumors were

Athvmic nude I 14, nral mice, which were back- surgically removed from the nude mice and cell
crossed 3 or 10 times and obtained from Sprague- suspensions were made as described elsewhere
Dawley. Madison, WI. were selected for evalua- 1191. Hyperimmune antiserum prepared against
tion of the neopiastic potential of FeSV-trans- nude mouse skin cells was added to the culture of
formed human cells. Preconfluent cultures of 50W.000 tumor cells in a 73-cm2 flask at
FeSV-amnsformed cells were prepared for injec- 0.t) mli I5 ml of growth medium. The medium
tion by scraping with a rubber policeman; they containing the antisertum was renewed every
were then pelleted by centrifugation at 540 xg for 211 hr. Seventy-two hours later, the proliferating
-min. T1he pellet was resuspended in fresh MUtM cells were refed with 3 g ml of colcemjde

and recentrifuged. After resuspension in ME-M + 4GIBCOI in 10 ml of growth medium and incu-
0.3% agar. 0.53 to 1.0 x 10' cells were injected bated for 3 hr at 3701 C. The medium was de-
subcutaneously into athymic nude ini4n14 mice canted after 3 hr and the cell monolayer was
that had been irradiated 3 to 4 days previously rinsed with warm PBS-C' - Me.Following
with 450 rad "'Ca v-rays. The tnodules that de- their removal with 10 ml of trypsin-versene solu-
%eloped at the site of inoculation were excised tion (40:lI, the cells were recovered by centriluga-
after 0 weeks' growth. fixed in 3%6 glutaralde- tion at e)54) xg. The cell pellet was fixed in cold
hyde-0.1 .W cacodylate buffer at pH 7.4. and methanol-glacial acetic acid 3.1 ). A suspension
then prepared for histopathologv and electron was dropped onto a glas.silide, dried. and stained
miicroscopy. In addition. FeSV-infected pro- with prefiltered 57% Giema %olution.
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RESULTS containing pleomorphic cellular and colony
morphology.

Selection of pure populations of FeSV-infected Growth characteruics in different culture
cells. At 5 to 10 PDL after selective subclturing media. We have tried many recipes for media.
of the virus-infected human cells was started. it Table I lists their ability to support the growth of
became impossible to distinguish individual foci the transformed cells. MEM-M " + 10% FBS.
in the culture because of the increased number of McCoy's 5A + 10% FBS. and McCoy's 5A sup-
infected cells in the population. Many hyper- plemented with 5 ,Ag'ml spermidine -#- 10% FBS
refractile, round FeSV-infected cells were released supported cell growth for less than 3 PDL.
into the growth medium. Populations of 1 to McCoy', 5A - - "*g ml uridine: 10% F1S sup-
2 1 1Y* cells ml were harvested from this ported growth for 3 to 5 PDL.
-breeder- culture. Two methods of harvesting FeSV-inlected cells subpasaged 1:10 into
these free-floating cells resulted in the selection of EBM LoCal medium plus 10% FBS proliferated
two cell types. Centrfugation and resuspension in for o PDL. however, further subpassaging re-
fresh MEM -t- 10% FBS gave rise to cells that at- suited in cell lysis. Cultures that were subpa*-
tached to the substratum and exhibited a variety saged on MEM-HEPES died after42 to 40 PDL.
of cellular morphologies iFig. I. Direct transfer Release of injectious crus. The supernatant
of the old media and cells into a flask produced a solutions were individuaily assayed for infectious
seeding suspension. someol these cells attached to virus 'see Materials and Methodst alter 20 PDL
the ,ubstratum. whereas others began to grow or when the cells ceased proliferating and l sed.
into large boluses in suspension. they vaned in The data in Table 2 indicate that on|N MEM
size and contained from 23 to 20) cells 'Fig. 2. and EBNI LACal supported the production and
Both harvesting methods gave rise to cultures release of infectius o irus. There were 3,30 times
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TABLE I these FeSV-transfonned prolilerating human

iROSTHOiF Fei%-TRaasiitRwEV CEz.±siN cells. 0.35 to 1. 0 x 10' cells were injected int~on ude
DiFVERENT GROTMNEDLA mice.. Twenty-four hours later. the bleb at the

,;-t %1.inia POL injection site regressed. After 5 to 30 days. pal-
pable nodules were evident. They increased in size

I \IEM - 5mV1 HEPES 46 to 0.8 to 1.4 cm over a 4-week period at the end of
3. MEMy. - M'A ' 0 which the nodules were excised and prepared for

4 Mccoss3A - i is; ml spernaidine< itphogy
Mso A-- i,,; mi uridin histopthology o rumor from nude mice.

r, EBMl LoCal Histologically, the nodules from both mice were
The proiferative characteristics of a pure FeSV. well encapsulated. sharply demarcated cellular

transformed human cell population were measured as masses I Fig. 5 1. The neoplastic cells were ovoid to
PDL on different types of growth media. Other expert-
rnents on other populations (or PDL I throught n. not re- spindle shaped and contained a single vesiculated
ported here. supported these data. In most cases the nucleus usually with a prominent nucleolus. The
mesa PDL did not exceed one %igmi SD for values re- cytoplasmic margins were frequently indistinct
ported here. PDL as referenced in the text is: 1 ierial and some cells appeared to form sync'etia. An ap-
.ubpaaaage at 1:1 split ratio at 951. absolute plating effi- piaonof the mmons trichrome stain showed
cienc.. Onie population doubling iPOUt is that cell
pospulation that was seriailly pasaged 1:4 at confluency. the eoeinophilic fibrillar intercellular material to
Ifthe mlIs were serially passagted at 1: they had pro- be collagen. A basopilic Itemistoxylinl mucinlike

ceedied through PDL. intercellular material was admixed with the colla-
gen fibers and stained with Alcian Blue. This re-

more foctus forming units released from cells tealed the presence of acid mucopolysaccharides
,frown on NtEM than from cultures grown on
LoCal. This suggests that virus production andTAL2
release. like cell proliferation, is dependent on theTBL2
spectfic cell culture medium used. Calcium has ULENoFoizFoticU-r
also been -4hown to alter '.igus-induced cell mor- \E5RMSTIFc istN LIS

phoiogy and to produce biochemical changes in __________________________________

other ilrus-cedl sstems 15.25t. Cell populations ;-th V:3--tff.
grown in McCoy's .3A-tupplemented growth mne- 1. MiEM i- 25 nulIHEPES 1.1) Ii1)' ±1.4. ILP
jfiuint died after a short time. There was no release 2. 'ilEN1t l4 'Ca'
,if detectable utifectiotzs units. 3. Mc v' SAO-

G~rowth in soft agar. j-ingle cell clones were ob- 4.Vc sp 5A -idine" m

tained by clinng single cell suspension* in agar to M.\cCov 's5A mg4 ml
i-saluate the infected cells for their ability to grow tridioeb

in soft agar. Free-floating cells -ere seeded at I to 'EBM L,Cj 5.53 It)' 1.1" IIHy

1 - 11 cells, ml into soft agar alter l b to 20 P DL D Dashes i -i mean that ffu were not detected when

and round compact colonies observed 10 to 14 %upernatant solutions were asslayed onl appropriate
human monolayer cultures I Qi morphological tran-

,ias later containing 'A) to 100 cells brlus formationt after the cell populations cesased to proliferate
Fig. 31, The frequency af bolus formation was and iv ted ITable 11.

2.3 tol - 10' 'Cells cultured in theme media exhibited limited pro-
FICA expression )n FeSV-tirfecred cells,. liferlitive capability and ceased proliferating prior to the

Randomiv proliferating cells were assaved for the "rus s"a' period.These figures show the results o ou-omn
presenice of Fl 'CNLA bv indirect immunofluor- .. ,f FetV-tranaformed cells -ultured in different
ernce '20f. Figure 4. .4 is a light micrograph of growth media. NFS cells were ornaely infected with a

ses eral inferted cells. Figure 4. B illustrates the I 250 dilution of FeSV ftom a pool with a titer of

fluorescent pattern of FOCNMA on the same cells.t 1~ * 'W fflit. ml The "t u a&a w pend was determinsed
rho attrn o tpoclly atcy W ober~d 'to be atlesst '0 PDL at 1: It, split ratioa after viruas iWee-

Pie attrn i tyicaly ptchy We bse'se 'non for .-el, Srown on MENM-HEPES medium. This
*inudar pattern of Fi X-MA fluorescence by F UL-4 tiane period -as selected in order to ensure that only pure
-Pis gown in 4oimner flasks 1201. To dlate. all Poputaauons si vwuas-translormed cells were assayed.

tratioqime c-ells treated with fluoresces isothio,- Fcua-formtsig tunts. 3-cmtt flask were determined f or
vanae tacontoi at srum ave eennegai~e. . to2.i - !(P .el per experiment. These data repie-

vanae tg -ntrl ct srtili avebeet ngatse eett the results for nft (4 for NIVEM at PDL-20 and nt of 3
.roit-th 4 FPS; -ramflaormd htumian -eds in for Lo.ai at PDL 7.The are presented hem as mean

'In "at ice Tevaluate the raerplaatic potential of , aiues t itema _nD
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Fig. 61. Mitotic figures were rare, the mass was cated immediateiy adjacent to the esseis. The
well vascularized. and the neoplastic cells were lo- mass wa.. interproted to be a fibroma.

- 4 .

'C. Sa

A

"" CS'

FiG .3. A suspension of, free- floating siable eells in the 'werivina growth medium from a FeS%'-
transformed culture at PDL12 was harvpsted bv centrtfugatioo at to 'i for 7min. Ceil populations
at I -2 A I ceils ml were seeded into 0.571, jolt agar containing LoCal grwth medium. Tren dass
,after seeding. colonies of cells were observed. At).

FIG. 4. Proliferating FeP%'.transformed cells. if.5-1.1) A 0. Were harvested by centrifugation at
oWt -gand incubated sith FOCNIA antibody reference cat serum. obtained from an animal %sith a re-
;resaing sarcoma, for 301 mnin. Cells were washed free of unbound cat globulins 'sith three consecutise
rinse% of Hanko'balanced salt solution and incubated with a 1:20) dilution of goat anticat igammaglobu-
in Svlsania. Inc.. Millburn. NP. which had been conjugcated to fluorescein isothiocsartata. .4. Light
micrograph of Fo.S' -transformed cells: B. 1 V.fluorescence micrograph of the same field. A17
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Unoder electron microscopic extamination. cells from mice were both found to contain viruslike
in uimture and cells from the nodules removed particles IFig. I

AO
0 .4-

4Ct W j ' e ..

~~hz 4,1.--

-, * ~ *P 6

* e*A , j&
4

f4

F ( .A'i-napuae uctnou ouei nn. u os.T eell r niiui

"t n. nu~ mose



820 MILO ET AL.

TABLE 3 suited in the cells reattaching to the substratum.
It was necessary to serially subpassage these cells

MODALITY tP HLc.%tAN CmSoMsoSmES ,F CELLS for an additional 10 to 20 PDL in 1 x MEM-
PREPARED FROMI TIMORI CELLS
_________ FROM_________CELLSHEPES growth medium before they would grow

PDOL %o"NNo. Roe." in soft agar. The morphologically transformed
10 43 43-47 cells, when pasaged through soft agar. formed
10 43 42-45 colonies of 50 to 100 cellsi bolus at a frequency of

4 45-, 2.3 to 5 x 10t/25 cm'. These cells. isolated from4b 45-48
45 4 soft agar and grown in a selective medium, were

These PDL represent proliferation of p o injected into b-week-old nude mice to evaluate the
FOCMA-positive ceils seeded from the tumor. The oncogenic potential. Nutritional requirements
range represents the distribution of chromosomes seen and time in culture appear to determine growth
on a single slide, and expression of the neoplastically transformed

The data presented here represent our attempt to cells. Selective nutritional requirements have also
count the numbers of human chromooomes found in the
cells that produced tumors in the nude mice. The tumors been shown for other FeS V-transformed cell sys-
were removed. seeded in vitro. and at subsequent PDL. tems such as transformed feline producer cells.
evaluated. which grow optimally on McCoy's 5A 1221; or Ad-

12-transformed hamster cells, which require a
low-Ca " growth medium 121). The transformed

Distribution of chromosome number in tumor human cells that also grew on EBM-LoCaI me-
material. Tumors excised from nude mice were dium did not grow on MEM minus Mg" - Ca'..
grown in vitro as described previously. In no case. Tumors produced in the nude mice 0.8 to
of the metaphase spreads from five different 1.4 cm in sizet -'ere found to contain collagen and
tumors evaluated, was there significant deviation were interprett ) histopathologicallv to be
from the diploid number of chromosomes. fibromas. not fibrosarcomas 1251. Removal of the

tumor was followed by growth of the cells in cui-
DISCUSSION ture: subsequent karyological examination indi-

Replication of FeLV-FeSV in human cells and cated that the tumor cells were of human origin.
subsequent focus formation were demonstrated in Examination of electron micrographs of excised
this study, confirming previous reports 19.10.15. tumors and proliferating cells from in vitro
26-291. The data obtained in this study. however, populations of morphologically transformed cells.
suggest that focus formation I i.e.. morphological and examination of cells passaged through agar.
transformation) (2) represents only a transitional revealed that both types of cells were shedding
stage in the neoplastic transformation process. It virus particles. Assay of the morphologically
is interesting to note that Azokar and Essex 1171 transformed cell populations ,301 before and after
did not observe morphologically transformed growth in soft agar revealed that FOCMA was
cells when WI-38 were infected with FeSV. How- present at both stages in the transformation se-
ever. if we add Fungizone or penicillin and quence. These results suggest that FOCMA ex-
streptomycin to the cultures much in the same pression is associated with the early events in the
manner they did. no foci were observed. This transformation process. There appears to be a
study showed that the separation of morphologi- program or staging process that must occur in
cally transformed from nontransformed normal FeVL, FeSV-transformed human cells before
cells and growth as well as passage in soft agar they will produce tumors when injected into a
were prerequisites for the demonstration of neo- suitable host. The results reported here appear to
plastic properties by the transformed cells. The be similar to the multistage process of chemi-
separation was accomplished by culturing and cal carcinogen-induced transformation 1251.
passaging the cells in a low-calcium supplement FOCMA and virus expression appear to be associ-
growth medium for 2 PDL to 5 PDL in MEM- ated with early stages of morphological trans-
HEPES EBM-LoCal medium. The resultant formation, whereas growth in soft agar is associ-
transformed cell populations grew in suspension. ated with a later transitional stage. A high cor-
whereas populations that contained normal- relation exists between growth in soft agar and
appearing cells did not. Selective culturing in sus- tumor formation. It was noted that although
pension of these cells in EBM-LoCal medium fol- virus-infected cells would not produce tumors
lowed by subculturing in MEM S PDL later re- prior to their growth in soft agar. after they were

. . . . . . . i . . . . . . I r
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passaged through the soft agar they would pro- 10. Chang, R. S.; Golden. H. D.. Harrold. B. Prop-
duce tumors. Again. this suggests that growth in agatai in human coe of a filterable asent from

agar acted as a selection process to permit the pro- teST-lfine sarcoma. 1. Virol. 6: S99-003;

liferation of cella that can produce tumors when 11 Deinhardt. F.; Wolfe. L. G.: Theilen. G. H.;
iniocuilated into a suitable host. Therefore, we Snyder. S. P. ST-feline fibrosarvoma virtu:
have shown that FeSV neoplastically transformed Induction of tumors in Marnoset monkeys.
cells are capable of producing tumors in nude Scec It)-: 881-882.1 170.

mice. 12. Schaller. J. P.; Milo. G. E.; Blakeslee, J. R.;

The release of the infectious virus from human Olsen. R. G.; Yojia. D. S. Influence of Cituco-
corticoid. estrogen and androgen hormone* on

cella that form tumors or grow in soft agar raises trnfrmation of human cells irn vitro by feline
the question of possible horizontal transmission. sarcoms virus. Cancer Res. 36: 1080-198-. .1Q76,
FeLV and FeLY , FeSV have been shown to be 13. Chan. E. W.; Schiop-Stansly. P. E.; O'Connor.
horizontally transmissible among cats 1301. and T E. Mammalian sarcomac-Leukemia viruses.

FeV. uinder laboratory conditions, was hori- 1. Infection of feline. bovine. and human cel l d-
tures with Snyder-1theilen feline sarcoma virus.

zontally transmissible to dogs 115). A serological J. *%ail. Cancer Inst. 52: 473-478: 1974.
survey indicated that no antibody to FeLV oc- 14. Essex, M.; Klein. G.. Deinhardt. F.. Wolfe. L.;
curred in hundreds of individuals exposed to Hardy. W_. Jr.; Theilen. G.. Pearson. L. Induc-
viremic cats 112.31). However. Jacquemtin et ai. tion of the feline -mcornavirus-associated cell
t321 reported that purified human Wg from pa- membrane antigen in human celle. Nature INew

tients with chronic myclogenous leukemia spcii Biol. I 23: 187 -189: 19-2.
15. McAllister. R. ;Nicolson. M.. Gardner. MI. B.;

cally neutralized reverse tranrcriptase isolated Rongey. R. W.; Raslseed. S.; Sanna. P. S.;
from FeLV. Huebner. R. J.. Hatanaka. M.; Oroaezian. S.;
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SUMMARY

Human foreskin cell cultures in scheduled DNA synthesis (S phase) of the
cell cycle were exposed to UV irradiation at a dose of 10 J. m" in the
presence of insulin. These treated cell populations, when selectively passaged
in a high amino acid supplemented complete growth medium (CM) after
20 Dulbecco's phosphate buffered saline (pH 6.8) (PDL), were able to be
grown in soft agar. These treated cell populations were also grown in 1%
serum supplemented growth medium and at 41'C in 10% serum supple.
mented growth medium. Cell populations 4-5 PDL after treatment exhibited
altered colony morphology and altered lectin agglutination profiles but
would not grow in soft agar. These events appeared to be associated with the
early stages in the expression phase of the transformed phenotype. After
20 PDL, we observed that these cells would grow in soft agar at a frequency
of 20 colonies/10s cells seeded in soft agar. The cell populations derived
from these colonies, when propagated and injected into the nude mice,
formed myxofibromas at the injection sites rather than the type of tumor
(fibrosarcoma) previously described for chemical carcinogen-induced neo-
plasms.

*Supported in part by grants NVIU-NCI-ROI-CA-25907, Air Force Scientific Research
F47620-C-0110 and EPA grant R-80-6638.
Abbreviations: CM, complete growth medium; FBS, fetal bovine serum; MEM. minimum
essential medium; NFS, neonatal foreskins; PDL. Dulbecco's phosphate buffered saline
(pH 6.8); RCE, relative colony-forming efficiency; S phase, scheduled DNA synthesis.
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INTRODUCTION

Carcinogen-induced transformation of human cells in vitro by chemicals
or irradiation has been difficult. Recently, however, neoplastic transforma-
tion of human cells by chemicals [1] and viruses (2] has been achieved.
In addition, Sutherland (3], using UV treatment of human cells, damaged
the DNA and transformed the cell populations to an anchorage independent
state of growth. Multiple treatments at subtoxic doses of UV were necessary
to damage the DNA and induce transformation. Other studies with
refractory human cells have indicated that carcinogens can induce un-
scheduled DNA synthesis [4] or repair synthesis [5]. However, these
reports do not attempt to correlate damage to DNA with expression of
carrva.ogenesis. Instead, Heflich [6] correlated removal of chemical carcino-
gen and induced damage to DNA with cytotoxicity. We have expanded on
our preliminary report of UV-induced neoplastic transformation of human
cells [7] and present data on the reproducibility of the process. We also
present data on the interrelationship between anchorage-independent growth
and tumor growth as the normal cells pass through a retro-differentiated
sequence from induction to neoplasia.

MATERIALS AND METHODS

In order to have observed reproducible transformation of human cells
exposed to UV, it was necessary, first, to use low passaged cell populations
(PDL 1-5) and, second, to complete a cell survival curve prior to the
selection of an appropriate treatment dose.

Cell cultures
Primary cell cultures were obtained from neonatal foreskins (NFS) as

previously described [8]. They were maintained on CM, viz., minimum
essential medium (MEM): 25 mM Hepes, Gibco, Grand Island, New York)
at pH 7.2, supplemented with 10% fetal bovine serum (FBS), (Rehatuin,
Kankakee, IL), 1 mM sodium pyruvate, 2 mM glutamine, 0.2% sodium
bicarbonate and 50 jig/ml gentomycin, in an atmosphere of 4.0% C0 2-
enriched air at 370 C.

Survival studies of irradiated cells
Immediately after UV treatment or 40 h later, cell survival was measured

by either dye exclusion (9], colony-forming ability l10] or incorporation
of [ 3H]thymidine into cellular DNA [9]. After seeding, cultures were
irradiated with a 15 W Germicidal Electric lamp (15GT8) at a fluence rate "
of 1.2 J - m-' • sec - 1. The fluence rate was measured by a Blak-Ray UV
meter (UV Products, International, San Gabriel, CA). To measure colony
forming capability of the treated cell population, one thousand cells were
seeded in 25 cm' wells (Falcon Plastics, Oxnard, CA) and fed with CM
supplemented with 20% FBS. These cultures were incubated at 37C in a

I
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4% C0 2-eniched air atmosphere for 9 days, fixed in phosphate-3% formalin
stained with hematoxyin-eosm and enumerated under 23X. If the effect of
the treatmeat on cell survival was to be measured by dye exclusion, approx.
5000 cells - cm' 2 in a 25-cml dish were trypainized at the conclusion of the
UV treatment and counted in a hemocytometer [9). Inhibition of the
incorporation of CH,-[3H]thymidine (S.A. 54.0 Ci/mmol) into the DNA of
UV.treated cells was measured by sampling the cell population from 0-48 h
following initiation of UV treatment (8]. At 1-h intervals, 3 coverlip
cultures were removed, fixed in 3 : 1 methanol/acetic acid solution, acid
washed in 1.0 N HC1 and air dried. Two coverslips were transferred to
scintillation vials and incubated overnight with 0.5 ml of NCS tissue
solubilizer, then neutralized with 1 N NaOH. Insta-Gel (10 ml) (Beechman
Inst, Palo Alto, CA) was added to each vial and the radioactivity counted in
a Beckman scintillation counter.

Induction
The scheme of induction and selection of the transformed cells will be

presented along with the chronology of the events as they occurred (Fij. ij.

An irradiation dose permitting 50% of the cells to survive was optimal
for the formation of transformants in each cell populatica studied (1].
Preconfluent, logarithmically growing cultures at low (3-8) PDL were
synchronized by placing them at a density of 5000 cells- cm-1 into
Dulbecco's Modified Eagle's Medium (Biolabs, Northbrook, IL) at pH 7.2,
supplemented with 10% dialyzed FBS but lacking arginine and glutamine.
After 24 h, the amino acid defie-ient medium was replaced with CM
containing 0.5 U/ml of insulin. then hours later, when the cell population
was entering S phase of the ceL cycle [1], the growth medium was removed,
the cultures were washed '.wice with PDL, irradiated with 5.0 J m 2- of UV
and refed with CM containing 0.5 U/ml insulin. Upon completion of the
treatment, the cells were allowed to proceed through S phase, which
required 8.2 h, and one mitosis. They were then split 1 : 2, then 1 : 10,
into MEM supplemented with 10% FBS plus 8X non-essential amino acids
(Microbiological Assoc., Rockville, MD) (8X growth medium). The 8X
growth medium inhibited growth of cells that exhibited a normal pheno-
type [1] while allowing proliferation of treated-altered cells.

The treated cell population at this time was identified as entering the
early stage of the carcinogenesis process. During this stage of expression
it is imperative that no part of culture remain in a saturation density
growth state for more than 16 h prior to passaging the culture.

Early
Growth of cells at 41*C and in medium with reduced serum concentration.

Cell populations, following treatment with UV, were seeded (5000 cm "1) in
CM and serially passaged at I : 4 on a 4-day schedule and maintained at
41*C in a 4% CO 2 -enriched air environment. Cell populations from com-
panion cultures were seeded at 5000 cells- cM- 2 in CM supplemented with
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Time (hr) INDUCTION

0-24 Synchronization (POL-S)

24-34 Sensitization

42.3 UV-Treatment

Week SELECTION

Early

POL
6-10

Lectin Growth at 410 C
Agglutination I Growth in reduced serum

Transitional

PDL
20- 2S

8 Growth in soft agar

10o Late

POL
34-40

14 Growth in nude mice
(Tumor)

Fig. 1. The schem* followed here is a graphic representation of the sequence originating
with the induction (treatment in early S) through tumor formation. Each citical stage
is represented by the PDL (population doubling) reached at each stage of the process.
Transition from colony formation is soft agar prior to growth in the nude mouse wa
achieved following isolation and seeding of colonies in 75 cm 2 flasks to produce 5 x 10'
cells of inoculum for each mouse.

1% FBS and maintained also in a 4% C0 2-enriched air environment at 37C.
Lectin aglutination. Treated and controlled populations at a 70-90%

confluent density of proliferating cells were removed from the substratum
of the flask by the action of 0.05% trypsin (8]. Following centrifugation
at 650 X g, the pellet was resuspended in PBS (pH 6.8) and recentrifuged
twice. The final cell suspension was left on wet ice at a cell density of
10' cells, ml-'. Wheat germ agglutinin prepared in PBS was added to the
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wells of microtiter plates (0.025 ml). To this, 0.025 ml of a suspension
of 180 000 cells in PBS was added to each well and incubated at 21°C for
10 min. The wells were then examined immediately.

Altered colony formation. Fibroblast cultures were treated as described
in the induction protocol. Four PDL, following irradiation of the treated
cells, were seeded into 60-mm diameter wells at a 1000 cells/well into
8X growth medium. After incubation ar 37*C in a 4% COI humidified
enriched air atmosphere for 9 days, the cells were fixed with 3% PBS
buffered formalin (pH 7.2), stained with hematoxylin and examined for
colonies with abnormal colony morphology. The abnormal colonies were
comprised of polygonal-small cells that overlapped into a criss-cross
disoriented growth pattern. This growth pattern was in contrast to the
normal large fusiform shaped fibroblasts growing in a parallel-whorling
orientation.

Transitional
Soft agar. After serial passage of the UV-treated cells for 20 PDL in

8X amino acid supplemented CM, 50 000 cells were seeded in 2 ml of
0.33%6 agar supplenented with modified Dulbecco'c Lo-Cal medium
(Biolabs, Northbrook, IL). These cells were then overlaid on a 2 ml
2% agar base supplemented with RPMI 1629 growth medium enriched
with 20 FBS. Colonies formed after 14-17 days of incubation in a
4% C0 2 -enriched air environment at 37C [1]. These cultures were refed
every 7 days with 0.5 ml of Lo-Cal medium-supplemented agar. Since a
close correlation has been shown between the growth of chemically
transformed human cells in soft agar and their neoplastic potential [11,
growth of the UV-treated cells in 6-week-old male athymic nu/nu mice
from a BABL/c background (Sprague-Dawley, Madison, WI) were
chosen as a suitable assay system to determine the neoplastic potential
of the culture derived from UV-treated cells.

Late
Growth in nude mouse. Cells were harvested by trypsinization and

resuspended in Dulbecco's EMB LoCal (Biolabs, Northbrook, IL),
supplemented with 20% FBS and 1X essential amino acids and 0.35%
agar. Six-week-old nude mice, which have been irradiated 3-4 days
previously with 450 rad 13 7Cs-rays, were injected subcutaneously with a
cell mass of 0.5 X 10' UV-treated cells. Nodules became evident at the
site of inoculation 14-21 days following injection and continued
increasing in size up to 4-6 weeks. The blebs formed at the injection
site regressed in 48-72 h. The tumors were excised between 4 and 6
weeks and submitted for histopathological examination.

RESULTS

Toxic response
In the early stages of our experiments following the treatment with LUV,
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we measured the toxic effect the treatment had on the UV.inmsuhn treated
cells by counting the total number of viable cells at 12 h (Fig. 2) after
initiating the UV treatment or at 40 h after initiating treatment (Fig. 3).
In addition, recovery of cell division from the toxic effects of irradiation,
monitored by [3H]thymidine incorporation into DNA and by cell counts,
began at 44-48 h following the completion of the treatment. The response
patterns of irradiated cultures previously not exposed to insulin exhibited
a typical shoulder on the survival curve followed by a logarithmic decline
at doses greater than 10 J. m - 1. However, cell cultures pretreated with
05 U/ml insulin and then irradiated lacked a shoulder at 10 J. M- 2 and
were biphasic in response at higher doses of UV. The toxic effect of
increasing UV doses was measured more sensitively by relative cloning
efficiency (RCE) than by the trypan blue dye exclusion technique; it took
roughly a 10-fold higher dose to demonstrate a measured effect (Fig. 2)
by dye exclusion than by inhibition of colony formation (Fig. 3). The
slopes of each of the survival curves were similar (Figs. 2 and 3). The dose-
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Fig. 2. Low PDL of NFS cells were seeded at 5000 cells • Cm into 60 mm diameter,
4-well plastic peli dishes and synchronized by amino acid deprivation. Following UV
irradiation at a fluenue rate of 1.2 J - m - 1 sec-', the plates were incubated at 37C in
a 4% CO, humidified air atmosphee. At this time cell suspensions were prepsred by
trypinization and counted by trypan blue dye exclusion in a hemocytometer. The closed
circlm represent the irradiated cultures not exposed to insulin and the closed squares
repesent the irradiated cultures treated with 0.5 U/ml of insulin. Data points are the
mean values for an n of 8.
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Fig. 3. Cells were seeded at 5000-cm-1 into a 60 mm diameter 4-weil plastic petri dish
containing Dulbecco's Modified Eagle's Medium supplemented with dialyzed FBS, minus
arginine and gJutarnine (pH 7.2). These cells were released from the block (see text) and
treated during the S phase with UV. Once the treated cells had completed S (8.2 h) they
were seeded at a concentration of 20G cellsi25 cm well and cloned (3] for 11 days.
The control (untreated) cultures exhibited 18-24% cloning efficiencies; results are
reported as a percentage of control values. The circles (o----e) represent cells treated
with UV. The squares (o- ) represent cells treated with UV and 0.5 U of insulin.
The open circles and squares represent time points 12 h posttreatment at the conclusion
of the S -+ G + M part of the cell cycle, while the closed circles and squares represent
time points coincident with the time points used for the trypan blue experiments (Fig. 1).
Each point represents data from 10 different wells.
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response profieb of ultures not tzeate wiir. inmu r *err SunAx u_ :nose
reported ny Lehman et ai I II or Maner et & . ; f, r numar. sgir,
fibroblasts We notced that wrie Unsulin- m ed -eis were irrl~iated at
5 J - m Fig 31 in S pnse tnere Was an ncread surviva; rate u to
120 over the irradiated insulin-tree cultures

Synchroruzed -ell populaions that were not toatefi wi tl eiLmer :nmsuur
or Trradiated wtt. !,V exnio nme an 8'r RCE Rnauoma proiferating e.
populations reateO witr insuiin-LV or r'\ aone ,r -vn(nronLzc -eis

treated with 'L'% aJone, efnibited a Souider at 10 ; :n Fili 3, lnsuur.
treatment appeared to increase *ensitizauton of ynnronae -ei. popuiatuons
to LV treatment at 10 J - m, ap L i m insulin-I:\ treatpc
cultures at 20 J •m exnnited a R:F. )f *,',. .omparec. tc .- !or -ells
not tTeated with insumn

Growth"i cnaractenstic., o' -V-t-eatea celis seiecMe -nrocess
After 10-15 PDL ir. the S. growth Medium. the rradiatec :uifure

10 J m appeared *oeomorphic atnd -ontained more :nan 95% smai.
polygonal cells Many of these ells were multinucieatea ano iLspiave,

multiple processies as seer. nv Contrast Interference NomarsiL .rucro!A-ot'
Cells passaged from these cultures proaferated t) saturation lensities "
4-6 x 10' cells 75 cmn flasK n S, growth mediun. whereas unuered NF-
cells only reacned .2-1 5 , 10' cells 75 c-: flask Treatec -ells
13.0 J - mi exhibited a loss of contact innioitiur.. a tenlency to oLbt Ap
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subtoxic dose of 1.2 J - m: exhibited no abnormal :-oion\ morpnoiog\

To examine the cultures for growtn at eievated temperatures. population,
were subpassagea 1 4 and incubatec at 37'( i a humidified 47 'C)-
atmosphere to allow cell attachment to the substratum The temperdaure
was then raised to 41'C. As early as 10 PDL after irradiation, cell -ulture,
derived from UV-taeated populations actively prolferated at 41 C for -2 n
at which time they were 60-701 confluent Contzol -ells detacned from :ne
surface in less than 24 h.

Growth in reduced serum
Many transformed mammalian cells have been reported to gro% :r,

reduced serum concentrations [13-151 We examined our ,contro. an-
UV-treated human cell populations for this characteristic after 10 PDL )%
subpassing them into MEM supplemented with 11, FBS Table ! represents
the growth charactenstics of these cultures at reduced serum levels Contrci
NFS cells ceased proliferating after 5 PDL.After an .nitial slow growth
rate, the WV-treated cultures appeared to ad)ust to the low serum concen
tration, as shoin by the reduction in time needed to attain confluenc-\
They continued to replicate at least through 17 PDL in I- FBS then wre
transferred back to MEM - 10r FBS.
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TABLE U

FREQUENCY OF COLONY GROWTH IN 0.33% AGAR OVERLAY OVER A 2.0%
AGAR BASE
The data presented here is an average value for colony formation for 8 wells. Each well
waa seeded with 50 000 cells at PDL 20 into 0.33% agar over a 2.0% agar base. The
colonies were counted after 21 days and the frequency of colony growth normalized to
100 000 cells per well.

Exp. No. PDL Growth in soft agar

1 20 20.0
2 20 15.0
3 20 25.1

induced the formation of a higher percentage of abnormal colonies
(Table III). Cultures treated at a subtoxic dose of 1.2 J • m-- exhibited no
abnormal colony morphology and the treated cells would not grow in soft
agar.

T mor formation
The nodules which developed at the injection site in nude mice grew to be

0.6-1.05 cm in diameter and were well-encapsulated by mouse fibroblasts
(Fig. 4) Removal of the tumors followed by karyological examination [I)
confirmed that they were of human origin. The centers of the nodules
were necrotic with dense infiltration of neutrophils and occasionally
contained areas with extensive cholesterol cleft formation. Blood vessels

TABLE III

COMPARISON OF TOXIC EFFECT OF UV:,,, IRRADIATION WITH FREQUENCY
OF ABNORMAL COLONY FORMATION AND ANCHORAGE INDEPENDENT1
GROWTH

UV (J •'- in Inhibition of Abnormal colonyb Growc
colony formation morphology 10' celils in spec. ac-.

1.2 0.0 0.0 0.0
5.0 0.25 2.1 10 9"

10.0 0.50 3.5 10-''1
13.0 0.60 0.5 10"
13.5 0.65 0.5 0.0
16.0 0-95 0.0 0.0
I The above exposures were administered at 1.2 J • m see
b After exposure to UV at the conclusion of S the cells were seeded at 101 cells125 cm'

well and cloned 19]. At the end of 9 days they were fixed, stained and enumerated.
c After 20 PDL. 50 000 cells were seeded in 2 ml ,f 0.33% agar. The cultures were refed

once a week for I- days. At that time the coonies were counted and the frequency of
colony growth in soft agar reported as the number of coonies containing 50 or more
cells, 101 cells seeded.
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were present within the nodules. The nodules were compatible with a
benign proliferation of exogenous cells and could be described as myxo-
fibroma-like,

Of 6 mice innoculated with aie same inoculum, 4 developed tumors.
After 4-6 weeks of nodule growth, the animals were sacrificed by cervical
dislocation and the nodules removed for histopathology. These experiments
iere repeated 4X with frequencies of tumor formation of 4/6, 3/6, 5/6 and
3/6. They were fixed in 10% formalin, embedded, sectioned and stained with
hematoxylin and eosin. To date, similar results have been obtained in
8 successive attempts while 200 irradiated untreated non-inoculated animals
have not formed tumors. Fifty mice received a cell pack of 5 X 10' cells from
5 different lines and from 5 different tissues. In all the mice the bleb
regressed within 72 h and the mice died 1-1.5 years later of natural causes.
At autopsy there was no evidence of tumor at the site of injection of the cell
pack.

DISCUSSION

Several parameters of putative changes in human foreskin cell populations
during passage from the early stages of the transformation process to the late
stages (growth in nude mice) were evaluated. Characteristics associated with
UV-irradiated cell populations as early as PDL 5 and after discontinuation of
the carcinogen treatment were altered colony morphology [1], altered
saturation density [1] growth at 41°C and growth in 1% FBS-supplemented
growth medium. Altered colony morphology was observed within 3 PDL
after discontinued treatment. Immediately after the completion of S (8.2 h
in length) the cells were split 1 : 10 and part of the treated cell population
was cloned at 1000 cells - cm - . We observed colonies in the flasks or wells
that exhibited a loss of contact inhibition and a criss-cross, disoriented piling
up of the cells. These populations, when isolated from the rest of the
coloni-x in the culture, gave rise to cell populations that exhibited abnormal
morphology and an absence of the long parallel wholing growth patterns in
normal untreated cultures. It was from these abnormal colonies that the
transformed cell types (exhibit anchorage independent growth) arose. We
observed 2-4 per 25-cm -2 well. In 8 treated wells we found 2 abnormal
colonies that would grow in soft agar. Individual abnormal colonies also
have to be serially passaged for 16-20 PDL before they would grow in soft
agar. In each situation the frequency of growth in soft agar was similar;
10" ' . In human cell transformation studies, abnormal colony morphology,
while important as a tool to aid in determining if a transformation event
happened, was not a reliable marker to quantitate the transformation events.
In the refractory cell populations that would not exhibit anchorage indepen-
dent growth, no abnormal colonies were observed during the early stages of
the expression stage. These same phenomena have been observed for
chemical carcinogen treated cell populations.

After 10 PDL. irradiated cell populations exhibited an alteration in lectin
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agglutination profiles and grew at a temperature of 41°C. In fact, we found
that 2-3 serial subpassages could be manipulated at 41*C. Normal cells will
not survive 24 h at that temperature. However, at this point the cells still
would not grow in soft agar, nor were they able to produce tumors in nude
mice. Serial passage to 20 PDL was required to produce populations that
would grow in soft agar.

After passage through soft agar and tumor formation in the nude mouse,
UV-treated cell populations were able to grow to a finite PDL of 120-140.
Cells with a normal phenotype phased out at PDL 40 ± 5. It is interesting
to note that UV light has been shown to induce carcinogenesis in the skin
of man although it has weak penetrating ability. UV light can be differentia-
ted from X-ray by the specific nature of the induced damage and DNA repair
processes. Owing to its particular features UV light, unlike many chemical
carcinogens, does not require antecedent metabolic activation or specific
binding before an interaction with cellular DNA.

The slopes of the toxicity profiles (survival curves) are similar to those
seen for 10 T1/2 cells [17] on a per cell basis (Fig. 2). When we evaluated
the survival response patterns of cells at risk 12 and/or 40 h after initiating
treatment (4-8 h prior to the reinitiation of scheduled DNA synthesis), we
found that by growing the cells at a low cell density the toxicity slopes
(Fig. 3) were very similar to the slopes measured on a per cell basis (Fig. 2).
We did note the presence of abnormal colonies and it was from these
colonies that the neoplastically transformed cell populations arose. If we
plotted the numbers of these abnormal colonies as a function of the dose
in J - m -' recorded as a frequency relative to the number of normal colony
phenotypes, the optimum numbers of transformants occurred at a survival
dose of 50 (EDs0 ) (Table II). At an ED 6s the frequency of abnormal
colonies was zero. The frequency of abnormal colonies we observed at
ED2 , was 10-3"6; at an ED 50 it was i0""; at an ED 60 it was 10-' (Table III).
The same observations have been made for cell populations treated with
chemical carcinogens of the type whose action does not require activation
[1]. As in animal cell systems, treated human cells serially passage 24 h
after exposure of the cells to UV, to give them time to replicate, enhances
the formation of abnormal foci..

Therefore, in order to produce cell populations in the initial stages of a
transformed phenotype the transformed cells must be allowed to replicate.
When the treated cells were permitted to remain in a confluent density or
non-proliferating phase of growth after treatment, no transformed cell
populations were obtained. Contrary to the observation by Little [18] that
survival is enhanced when mouse cells are left in growth-inhibited conditions
after X-irradiation, human cells at that point are lost from the transformed
phenotypic populations. However, the rate of repair processes in rodent
cells is much slower than in human cells, which may explain why rodent cells
must be allowed a longer repair time before they replicate and establish a
transformed phenotype.

Since we can optimize the transformation events by irradiating NFS cells
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m S, while treatment in Gi, or G, or M minimizes the events (Milo and
DiPaolo, unpublished data), we believe that the process of UV-induced
carcinogenesis in human fibroblast cells is complex, error prone and subject
to critical timing of exposure to UV at an appropriate dose of the physical
carcinogen. Following a selection process, the expression stage can be
controlled ',y allowing at least 20 additional rounds of proliferation to occur
before the cells will passage through soft agar and form tumors in the mouse.

In conclusion, we agree that the rate of recovery of cloning ability of
human fibroblasts after UV treatment shows a correspondence with the
ability of the cells to recover from the potential lethal effects of the
irradiation [6]. However, we have found that even though we can demon-
strate UV-induced transformation at toxic doses of ED50 or less, we cannot
demonstrate transformation at higher toxic doses or lower non-toxic doses.
Therefore, we feel that cell populations contain subsets of cells that are
susceptible to carcinogen(s) but are lost from the total cell populations by
modulation of the normal phenotype upon prolonged exposure to the tissue
culture environment.

ACKNOWLEDGEMENT

We wish to acknowledge Drs. Veronica Maher and Justin McCormick for
their advice and suggestions with this study.

REFERENCES

1 G.E. Milo and J.A. DiPaolo, Neoplastic transformation of human diploid cells in vitro
after chemical carcinogen treatment, Nature. 275 (1978) 130.

2 G. Milo, R. Olsen, S. Weisbrode and J. McCloskey, Feline sarcoma virus induced in
vitro progression from premalignant to neoplastic transformation of human diploid
cells, In Vitro, 16 (1980) 813.

3 B. Sutherland. J. Amino, N. Delihas, A. Shih and R. Oliver, Ultraviolet-light-induced
transformation of human cells to anchorage-independent growth. Cancer Res., 40
(1980) 1934-1939.

4 H.F. Stich, R.H.C. San, J.A. Miller and E.C. Miller, Various levels of DNA repair
synthesis in Xeroderma pigmenrosum cells exposed to the carcinogens N-hydroxy and
N-acetoxy-2-acetylsminofluorene, Nature (New Biol.). 238 (1972) 9.

5 V.M Maher, N. Birch, J.R. Otto and J. McCormick, Cytotoxicity of carcinogenic aro-
matic amides in normal and Xeroderma pigmentosum fibroblasts with different DNA
repair capabilities, J. Nati. Cancer Inst., 54 (1975) 1287.

6 R.H. Heflich, R.M. Hazard, L. Lommnel, J.D. Scibner. V.M. Maher and J. McCormick.
A comparison of the DNA binding, cytotoxicity and repair synthesis induced in
human fibroblasts by reactive derivatives of aromatic amide carcinogens, Chem.-Biol.
Interact.. 29 (1980) 43.

7 J. McCloskey and G. Milo, In vitro transformation of normal diploid human cells by
UV and X-raya. Abstracts. Fifth Annual Meeting of American Society for Photo-
biology, San Juan, Puerto Rico, 1977, p. 110.

8 D.A. Reigner. T. McMichael, J.C. Berno and G.E. Milo, Processing of human tissue to
establish primary cultures in vitro, Tissue Culture Ass. Manual, 2 (1976) 273.

9 G.E. Milo, W. Malarkey, J. Powell, J. Blakeslee and D. Yohn, The effects of steroid
hormones in fetal calf serum on plating and cloning of human cells in vitro, In Vitro,
12 (1976) 23.



59

10 J. Oldham, L.E. Allred, G.E. Mo, 0, Kindig and C.C. Capon, The toxicological
evaluation of the mycotoxins T-2 and T-2 Tetraol umng normal human fibroblasts in
vitro, Toxicoi. AppL. Pharmacol., 52 (1980) 159.

11 A.R. Lehman, S. Kirk-Bell, C.F. Arlett, S.A. Harcourt, E..- deWeerd-Kastelein,
W. Keijzer and P. Hall-Smith, Repair of ultraviolet light damage in a variety of human
fibrobiast cell strains, Cancer Res., 37 (1977) 904.

12 V. Maher, J.J. McCormick, P.L. Gover and P. Sims, Effect of DNA repair on the cyro-
toxicity and mutagenicity of hydrocarbon derivatives in normal and Xeroderna pig.
mentosum human fibroblasts, Mutat. Res., 43 (1977) 17.

13 Y. Oshiro and J.A. DiPaolo, Loss of density-dependent regulation of multiplication of
BALBI3T3 cells chemically trandormed in vitro, J. Cell. PhysioL. 81 (1973) 133.

14 H.M. Temin, Control of cell multiplication in uniafected chicken cells and chicken
cells converted by avian sarcoma viruses, J. Cell. Physiol., 74 (1969) 9.

15 C. Borek, Neoplastic transformation in vitro of a clone of adult liver epithelial cells
into differentiated hepatoma-like cells under conditions of nutritional stress, Proc.
Natl. Acad, Sci. U.S.A., 69 (1972) 956.

16 G.A. van Nest and W.J. Grimes, Concanavain A-induced agglutination and tumori-
genicity in virally and spontaneously transformed cels derived from BALB/c mice,
Cancer Res., 34 (1974) 1408.

17 J. Little, Radiation carcinogenesis in vitro: implications for mechanisms, in: H. Hiatt,
J. Watson, and J. Winston (Eds.), Human Cancer, Cold Spring Harbor Lab. Pubi. Co.
Book B, (1972) 923.

18 J. Little, The role of cell division in the malignant transformation of mouse cells with
3MCA, Cancer Res., 35 (1975) 1637.

|F

!f



Raprnited ti. tae I -e, Jo-qd ol Cow'
In.J Cne:26. 805-812 (1980) I1 .iauuehM.=~Co~

PRESENSITIZATION OF HUMAN CELLS WITH EXTRINSIC SIGNALS
TO INDUCED CHEMICAL CARCINOGENESIS

G. E. Mito I and 1.A. DtPAOLO-

I Department of Physiological! Chenustry, and Comprehensive Cancer Center. The Ohio State University,
Columbus, Ohio 43210: and - Laborator'y of Biology. National! Cancer Insrtute. Bethesda. MWd. 20205. USA4

Farialdth-deriwed low-pasgei human cell popularin MATERIAL kND %.4ErHODS
wer "eprducibly 'a~ovIed with chemiical cral Cell cultures
gene when che celk were blocked in 0,, released from
the block. and "rated with eother the carcinogen 14 Neonatal human foreskin cell suspensions ob-
"Ietl p- Nnib'o. .;... gua (MNNG) or wick tained by collagenase dispersion Riegner et ad..
Afimesan 61 in dhe S period of dhe cell cycle. Artinine. 19761, were ieeded into 25-75 call flasks and pro-
andl gIacanineidenc idlwli Was requkred to ofe du..ed confluent monolayers within 48 h. These cell
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Serially subpassaged human cells grow in vitro as (Huttner er al.. 1978). FBS selected for the car-
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of the total cell population. These changes it. cell To block the human cells in the G, period. several
cycle kinetics with serial subpassaging could be due variatbons of Dulbecco's modified iniumum, essen-
to a decrease in proliferating subpopulations (Cris- tial medium kDM) deficient in specific amino-acids
tofalo and Shadf. 1973: Mfezz and Ross. 1973; Turk were used: lacking either leucine-glutamine.
and Milo. 1974; Milo and Hart. 1976) or to a length- isoleucine glutamine. leucine-arginine. isoleucine-
ening of the 01 or G,) cell cycle phase (Grove and arginine. or giutamine-arginine combinations, or
Cristofalo. 1977). In the terminal passages of Phase one of the individual amino acids. The technique
111, unscheduled DNA repair synthesis also de- used to block the cells in the 0, period was modified
creases in subcultured human diploid populations from the Tobey and Ley procedure (1971). Cell sus-
(Milo and Hart, 1976). pensions of 5J000 cells/cm 2 were seeded onto four

The xpresio of he tansorme pheoty microscop slides and placed in 176-cm-Z Petri dishes
Th exrsino h rnfre hntpe af- containng5 pai m fec1mioai-efc tDter a carcinogenic insult requires preferential cell rn fec mn-cddfcetD

multiplication. The failure of cell proliferation and
fixation of the initial transformation event result in Received: August 11. 1980.
the chemically treated cells becoming part of the cell
population belonging to a permanent resting phase Abbreviations: Population doubling. PDL; fetal bovine
of the cell cycle. In this way, prevention or suppres- serum. FBS; complete medium. CM,-. hydrocortisone. HC;
iion of cell transformation would occur. 17-0-estradiol. El; progesterone. P; cortisone. C; Duibec-

co's modified minimum essential medium. DM; NMinumum
We have previously demonstrated that chemical essential medium. M1E.M. specific activity, S. A.;. 9-oc-

carcinogen- induced transformation of human cells tadecenoic acid (oleic acid). C 18:1; arachidonic acid
occurs in low-passage populations that are first (eicosatetraenoic acid-5.8.11.14). C 20:4; diburvl Cyclic
blocked in G1, released from the block, then treated OMP. d-cCIMP. insulin. IN: phorbolmyristate acetate.

S (Mlo ad D~aol 178).The urrnt sudy P.MA; anthralin. Antli: *V-methivl-N'-nirro-N-nirrvso-in S MoadD~oo 98.Tecretsuv guanidine. MNNG: human nasopharvngeal carcinoma ceil
shows that several chemicals may sensitize cells arid line. NPC, SV-40 transformed WI-26. VA-4: Eagles basal
alter the subsequent transformatilon response of hu- medium. EBNIE; Low calcium-Eagle's basal medium;

man cells to chemical carcinogens. LoCal-EBME.
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medium supplemented with dialyzed 10% PBS (d- .00
FBS). Cells were incubated in a'4% CO.-enriched Wo
air atmosphere at 37*C. The cultures were released
from the G, period block by exchanging the amino-
acid-deficient medium to growth medium (CM) con-
sisting of Eagle's MEM 10% 0P BS. with the addition
of P314thymidine (I ui/S ml) and, where appropri--
ate to the experiment, an extrinsic factor such as IN.~
The radiolabeiling period for continuously labelled
cells was 96-144 h (S.A. 6.0 Ci/mrnole of [3 Hithy- -

midine) or for pulse-labelled cells, 30 mini (S.A. 60
Ci/nimole of [PHlthymidine). The CM, including
radiolabelled thymidine. was replaced every 24 h in
the continuously labelled culture. After the block io o. e.. . .:2
was removed, chemicals known to alter cellular "

DNA synthesis were suspended in CM and added to FiouuE 2 - Human foreskin cell populations at satura-
the cell population at either 24. 48, 72, 96 or 120 h. non density were seeded at a cell density of 5.000 celwscml

These populations were not permitted to remaini in satura-
Chemicals tion density for mome than 16h prior to seeding. The cells

were suspended by trypsilaton (Riegner et al., 1976) and
The extrinsic factors studied for their effect on the the cells recovered by centrifugation at 650 g. The pellet

S phase of the cell cycle were oleic acid (9-oc- was resuspended into experimental medium A and seeded
tadecenoic acid (C 18: 1). arachidonic acid (eicosatet- onto 15-mm diameter microscope sides or coversiips for 6 h
raenoic acid - 5. 3. 11. 14 C-20:4) (Nu-Chek. Ely- to attach to the substratum. These cultures were kept in

nanMmi.; lIutneret a.. 978)at ugml. ibuy- 'his deficient medium for 24 h 10-0S) (see legend to Figure
ryln cycicn. GMP ne etG P a 2.7 at5g/mi iulin 1)) or 48h IA-a). The block was removed by the addition0.5cyli U/m (7-cGtado)( at ugimnlin vrcr IN afn0ri Ssupemne CM containing 2 mm. arguninea0. /l 70etail(j at ~l vrcr n mglutamine. One X~i of ['Hltbymuine 16.0 Qi
tisone (HC) (Schwartz/Mann. Orangeburg,. .Y.-) at rimole)/5 ml was added to each amino-acid-deficient ex-
I ugirml. phorbol-myristate acetate (PMA) (Consoli- pernmental medium and each complete growth medium. In
dated Midland Corp.. Brewster. N.Y.) at I ugiml, each case, both medium and radiolabelled thymiduine were
and anthralin (Anth) (Pfaltz and Bauer. Inc.. Stain- replaced at every 24-h period from seeding to completion
ford. Conn.). Chemicals were dissolved in acetone of the experiment. Cells kept continuously in CM and se-
(Spectr Grade. Mallincrodt, Inc. Paris. Kentucky) nally subpassaged into CM were sampled every 2 h from Oh

up to 16h IC-C) post seeding. Proliferating cell popula-under red light in an argon atmosphere. and main- tions were seeded into expenimental medium A for 24h
(0-41; four samples were removed every Zh from Oh (at
24h) up to 96h. The block was removed at 24h. Additional

100, populations were left in experimental medium up to 58 h
(a-a) then the block was removed. Another population

1W4 was left in the amino-acid-deficient medium from O h up to
120h (A-Al. The medium plus ['HIthymidine was re-
placed every 24h.

P704

So. tained in stock solutions of I migiml. The carcino-
o gens. aflatoxun B, and .V-methyi-,V-rutro-,V-nitroso-

404 guanidine (MNNG). were dissolved in acetone and
-s stored at -194 C until immediately prior to use. The

~~-' final culture concentration of acetone was 0.02%7.
204 Cell cultures that had been pulsed With [3Hlthy-

midine (60 Ciimmole) for 30 min. or continuousY
04 -~ .~-. 6.0 Ciimmole) for 120 h, were acid-washedtwtth O.1

-- 72s I-CI to remove free [31Hlrhymidine. The culture
ri4 IN slides were fixed in Carnoy's solution or methanol:

Fia~ I Huan fresin ellpopuatins ere acetic acid (3: 1. vlv). dipped in Kodak NTB-Z emul-
seeded at a cell density of 3.000 cel~ls/ onto a 15-in sion. exposed for 3-4 days at 12C, developed in
diameter microscope slide or a coveislip. These seeded Kodak D-19 developer, fixed in Kodak fixer 297-
slides were then placed into Z5-cml dishes containing 5 mi 1746. and stained with filtered Giemsa.
of DM~ supplemented with 10% d-FBS minus argine-
glutumune ~- .minus leuine-glutamine. A-? or Preparation of merapsase chromosomes
minus isoleucune-gluitamine (0--0). and monitored for the Rapidly proliferating cell cultures at PDL 1-5 were
presence ofradiolabelled interphases for 96 hafter seeding. prelabelled with I X4C/il ['Hi1thymidine ie.O Cv
The deficient medium was replaced every 24h. 13Hthy- mmnole) for 24 h. Grains were found on 100",- of the
midine (I CiiSml: S.A. 6.0 Ci/nole) was added at the
time when the cells were seeded into the OMv. The interphase nuclei. Companion cultures radiolabelled
radiolabel was replaced every time the DM or CM was in the same manner were fed every 24 h with amino-
replaced. Four samples were taken at I h over the 9-h acid-deficient DM (pH 7.2) supplemented with 10 %
period. fixed and prepared for auroradiography (see text). d-FBS. Sixteen to 24 h later the deficient medium
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was replaced with CM: 0.1 agml colcernide was ad- gressed in 24h and no visible tumor was seen in the
ded 3 h prior to fixation. Samples were removed 20 inoculated mice after a o-month penod. The
every 30 mm beginning 4 h into the S phase. fixed in tumor incidence in NPC-noculated mice was 5ilO.
Carnoy's solution and either stained with aceto-or- The chemical carcinogen-treated cell populations
cein before being dipped in Kodak NTB-2 emulsion were inoculated at a cell inoculum size of 5 x 10
or post-stained with Giemsa following development cells in 0.5ml volume in the manner previously de-
iBaserga. 1967) 4 days later in Kodak D-19 de- scribed and submitted for pathology (Milo and Di-
veloper and fixation in Kodak fixer 197-1746. Paolo. 1978) After 4-6 weeks the tumors were re-

moved and submitted to pathology.Growth in soft agar

Two transformed cell lines were used as positive RESULTS
controls for evaluating the growth potential of chem-
ical carcinogen-treated cells in soft agar. These were Cell block
a human nasopharyngeal carcinoma cell line tNPC; Cells from armno-acid-deficient DM preparations
gift from Litton Bionetics. Kensington. Md.) and an supplemented with 10% d-FBS contained varying
SV-.0-transformed lung cell line lVA-4; from the numbers of radiolabelled nuclei (Fig. 1). At '%h
A.T.C-C., Rockville. Md.). Both grew in soft agar cells maintained in DM minus glutamine and ar-
(0.35% containing LoCal-EBME-supplemented ginine (Medium A), minus leucine and glutaimne
with 20% FBS) over a 1% or 2 % agar base contain- (Medium B). or minus isoleucine and gutamine
ing RPMI 1629 growth medium supplemented with (Medium C) contained 5. 37 and 57 % radiolabelled
20% FBS (Milo and DiPaolo. 1978). The frequency interphase cells, respectively.
of bolus formation with NPC and VA-.4 after 9-11 In DM-deficient media lacking only one amino
days was 70-80% and 80-85%. respectively. The acid (i.e., argnine, glutamine, leucne or rsoleu-
chemically treated cells were seeded at 50.000 celsi cine), the cell populations contained 50-70% radio-
25 cm well ,Milo and DiPaolo. 1978) and examined labelled interphases over a 96-h period. A 65 % n-
11 days later. crease in cell numbers 10h after the S period corres-

Growth in nude mice ponded to the number of radiolabelled interphase
nuclei observed.

Nude mice. purchased from Sprague-Dawley
(Madison, Wisc.) were delivered at 6 weeks of age. Medium A was selected for blocking the cells in

Mice between 10 and 12 weeks of age, previously G1. and samples were checked at 2-h intervals. Cell

subjected to 450R whole-body irradiation, were i- populations seeded for 24h in medium A and trans-

oculated subcutaneously with 100-10 ' 1 NPC-cells ferred to CM for 72h contained 67-72% radiola-
per inocolum into the subscapular region. After Z4h belled nuclei. Cells kept in medium A for 48h prior

the initial bleb regressed and 4-o weeks later a tumor to transfer to CM contained 35-42% radiolabelled

0.6-1.2cm in size was excised. The optimum in- nuclei at the end of an additional 72h period. The

oculum size was 5 X 10' cells. VA-4 cell inocula re- area in Figure 2 between the curves for randomly
proliferating cell populations (open circles) and the
cells held in medium A for 24h (filled cimrcles) repre-
sents cells that respond to IN, Anth. E. or PMA

o-..- - 2- treatment (see belowl. The area descned by the
/ / - " cell population that was held in medium A for 48 h

/ / (Fig. 2. triangles) represents a population that will
'/ 7not totally respond to added signals such as IN.

a Anth. orE.

/ '/ / Effect of exogenous factors on cell growth
., 7Cell populations were transferred from medium A

s / ,o to CM after 24 h and one of the following chemicals
' was added: IN. HC. C220:-4. E:. d-cGMP. PMA. or

Anth (Fig. 3). along with (-11th.midine. In these

o ... experiments, untreated control cultures transferred
L L_ __ i .to CM after 24h in medium A contained radioabel

in only 62-o7% of cell nuclei up to 120h after trans-
FicuRa 3 - Randomly proliferating cell populations that fer. Either IN. C:0:4. E,. d-cGMP or HC added to

were not in saturation density arrest for more than 16h CM amplified the appearance of radiolabelled nuclei
were seeded into CM (.--) or medium A (* 1-UI) and over the 120-h sampling period. Anth or PMA did
allowed to attach for 6h ,>95% attachment was deter- not alter the profile of [1H1thymidine incorporation
ined by fixation. staining and counting the number of into nuclei. IN-treated cells recovered from the

ceis that attached to the substratum versus the number of block more rapidly than any ot the other cultures.
cells seeded). All populations seeded into medium A were Whenever treated cultures were removed from the
transferred to CM plus 2 mm argine and I mM glutanune
and either HC. C20:4. Er (A-A); or IN A--. or PMA experimental medium and passaged. the normal pro-

(O----): or Anth (0--0); or d-cGMP (--., added to liferative kinetics resumed by passage 2 or . The
each separate culture at 4h. [(t Hlthymtdine was added to PDL tine after a 1:2 split was approximately 2-3
the cultures as described in the legend to Figure 2. Cultures days at PDL 2. In no case was the lifespan of cultures
were re-ted every 24h over the 120-h period. appreciably altered from 37-±7 PDL.
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Since it was difficult to predict the exact length of
'.4 the lag iterval before the cells in G, would begin to

enter the S period following transfer from medium A
::===w to CM. the cells were blocked in Gin medium A tor

I 24h and then released. At point B (Fig. 5) either IN
I or one of the other compounds isee Figs. 1-3) was

________ added to the CM_ At 30-mmn intervals for the next
:5 h. sample populations on I mm were removed and
placed in CM containing 1 0 jCi of ('Hithymidine
(6OCLmmolei in imi for 30min. Untreated control
cultures achieved a level of only 3%radiabelled
nuclei, whereas cells treated with IN reached a 0

________________95'-c level.

5' When E,. Anith or d-cGMP (Table 1) were added
FtIGLRE 4 - Cell populationb used in these expenments to pulse-labelled cultures, the S peak occurred I h

were prepared and seeded in the same manner as described lacer. Compared to untreated controls, the length ot
tn the legend to Figure 3. However, these cultures were S (i.e.. the appearance and disappearance of labelled
released from block after 48h. IiHlhvtnudine was added to Lierphase nuclei) did not vary in any of the treaied
medium A and or CM as deenibed in the legend to Figure Z. populations. the length of S in all populations was
Control cultures t*-*1 were released after 48~h and IN 3.h hsegho 1 .h a eemndbI Cor HC iA-Ai was added Other conmpounds listed .. Thlegho .l5hwadtrmndb
in :he legend to Figure ', .nduced responses intermediate measuring the interval for the appearance and disap-.
between those of IN- t C-) or HC- (A--A) treated cul- pearance of radiolabelled metaphase plates. The in-
tures These compounds were added to CMI a8h after re- terval between S and M (G:) was calculated to be
placement of medium A. The untreated control culrures 4_5h. The length of the cell cycle. ZZ.4h. was deter-
were left in medium A )AC '. Hltwmidine was added mined by counting cells over a 2'4-h pertod using
to the cultures at seeding and every _4h upon replacement trpan-blue dye exclusion. Subtraction of the expert-
of medium A or C.M. Mentally dete .rmined S and kf times and the calcu-

lated time for G, from 2'2.4 yielded an estimated G,
of 8.-' h. If either IN or Anth was added at interval B
Fig. 5). the period most dramatically affected was

To further study the effect of these compounds on G Gwas shortened from 8 Z to 6.4 h between
the proliferative capacity of the cells, populations waves of cells passing through S. G, and M for three
were maintained in medium A for 48Sh (Fig. 4l) be- cycles. After the first cycle and for each successive
fore treatment. Untreated control cells in these ex- cycle 20-22%o of the cells departed from the svn-
penments contained 434" radiolabelled nuclei 48h chronv pattern. After the second cycle. the numnber
after transfer from medium A. IN-treated cell popu- of rapidly pulse-labelled nuclei decayed to that of
lations contained 71.1 radiolabelled nuclei. C20:4- randomly proliferating companion cultures. The
or HC-treated cultures sampled for up to 120h :n- absolute'values for the total number of cells in S
corporated [ tHlthymidine into no more than the vaned with tissue and according to treatment. When
7'21o of nuclei labelled at 48h. Again, in Anth-or expenmental sister cultures were treated with PMA.
PMIA-treated cultures the labelling profile did not IN. .Anth or E, at point B (Fig. 5). the number of
differ from that of the untreated cultures. cells in S varied from o7-95 %r (Table 1).

TABLE I

PERCENT 'HrrfYMUIDNE LABELLED VtCLEt DURI]%G 'HE PEAK TIME I'iTERAL OF SCHEDULED DNA SYNJTHESIS OF
CELL POPULATION TREATMENT wfl'H DIFFERENT EXTRTNsOC FAC7.0RS

-t'4 I C E. . PM4A a..-OMP ijnrM'eu

34 35 42 as Z~ I - i:
35 -4 - .4 33 33 :3 47 49
316 40 92 89 51 41 35 0
37 114 41 31 )1 55 33 67

383 e) 7 38 15 o3 54
39 !7 01 5 37 55 3%4

ioncr.atifso asd weres hen0. the 1f. that ihted cellular peaitertttnt a i',Siusted I, teisiis Putting etftceo r .l zI eii LoomihtO

The us At .0L) ceil&,o' were Nioxedin C, in OMA ,wsi argiritne -sits isitsmine miednawui for 4 Nn . transferred n CM - ii0't FBS~cnini; ciNUscwa~n~cais. .~O i. su~i.hivdruorritne .HC. tirsdbv,.iE., 3iain. "Anihi. pitauso M!n51 ri Cetlit. i PM..s.
dj-butyri -Cix uGiP a..tuN4i? it inteines Coannsenon weu&, ninea m int ofCM *, i .C.5,n'H pit0ICIOo its111i5.lef. A[ N)

rM31ui.1tnieu a "ne1r. -5 remowa en "mM rt-M ,noatur aiso iscuhem in CM. - C4 hictms fito 30MWutu4. rem~.d. ta0 ineu anul
iffelofled Th rcu., a Idnss ilz.*-1

5
omi-wirojing The seerenti shried nwitt nuorim5ieu si*15. MlsUtiO0 rldiiiaie interpftsles

My 1.1 nuaw. "I faci, pee 100) "Wit,
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" MNNG-created cell populations regardless of
whether IN or Anth were used (data not shown

)O~t here). PMA-aflatoxin Be-treated populations. whie
t ', exhibiting a low frequency of colony formation upon

"- ;7" /passage through the soft agar for the first time. did

Iform colonies of 50-300 cells per colony, followed by
an increase in frequency in colony ormation to 70%

[j oduring the second agar passage.
0 , Addition of oleic acid (C18:1). C'0:4. or d-cGMP
0 , did not enhance colony formation. E, and PMA

were intermediate in their effect on colony forma-
tion by carcinogen-treated cells, while IN or Anth

20, were quite effective in augmenting colony formation
_________---"__(Table 11). After carcinogen-treated cells isolated

, 0 ,z z *,o ,, , from agar were serially passaged. 5 x 10' cells were
-, M inoculated subcutaneouslv into the subscapular re-

FIGURE 5 - Cell populations were seeded at a density of gion of previously irradiated (450R whole-body)
5.000 cellsicr with DM minus arginine-glutanine. iA) nude mice (Milo and DiPaolo. 1978). Subcutaneous
supplemented with 10% d-FBS. The cells were fixed 24h tumors appeared at the injection site within 10-18
later, stained with hematoxylin. and enumerated (continu- days. The tumors were scored - weeks later when
ousty 95 % absolute plating efficiency occurs 1. The DM was 0.8-1.5 cm in size. Cell populations treated with af-
removed at this time and the cultures released with CM latoxin B-IN or Anth. or with MNNG-IN or Anth.
(see text) containing 0.5 U of insulin per ml. Companion
wells containing; ml of CM with (3Hlthymidine were incu- produced the highest numbers of tumors (Table I1).
bated under the same culture coni.itions as for the exper- In three experiments (data shown for one experi-
mental DM cultures. One uCi of I 3Hlthymidine 10 Ci ment in Table III). the order of successes was the
mmole) was added. At 30-nun intervals samples were re- same. Aflatoxin BI-IN or MNNG-IN induction of
moved from DM or CM medium, incubated for 30 min in tumors was the highest. followed by Aflatoxin B1-
the radiolabelled CM medium, fixed, stained and de- Anth. or -PMA. Tumors excised and examined his-
veloped under N'TB-2 emulsion for . days. The labelled topathologically and karvologically were all con-
interphases were enumerated. Companion slides and label- firmed as undifferentiated mesenchynal tumors of
ling conditions were used in controls except that 0.1 .1giml human origin. To date. all cell lines'that have been
of colcemide was added to the CM medium. Four hours
into S. samples were taken and radiolabelled for 30 m in grown in soft agar. and successfully senally passaged
CM. fixed, and developed under NTB-2 emulsion (see a second time in soft agar. have produced tumors
text). Radiolabelled metaphases were enumerated and the when injected in nude mice. No cell populations,
percentages compared to the controls were calculated (not after being blocked for .48 or 72h and treated in S
reported here), with Aflatoxin BI-IN or MNNG-IN, formed col-

onies in soft agar or produced tumors in nude mice.

Cell trans formation studies DISCUSSION
Ten hours after administration of IN or a com-

pound listed in Table I at interval B (as the cells As previously reported (Milo and DiPaolo. 1978).
were entering S: Fig. 5). aflatoxin B or MNNG was we have successfully induced transformation of nor-
added to the cultures. The carcinogens were re- mal human cells with different chemical carcinogens.
moved 1-h later and the cultures serially passaged Other reports suggest that randomly proliferating
into CM containing 8x non-essential amino acids normal skin-cell populations can be transformed by
and 2X vitamins (Milo and DiPaolo. 1978). for 15 -- nitroquinoline oxide and MNNG. However. we
PDL. The populations were then serially passaged have found that successful induction of neoplastic
into soft agar (0.35 %. containing LoCal-EBME sup- transformation in rapidly proliferating normal hu-
plemented with 20 % FBS) over a 2 % agar base con- man foreskin cells by chemical carcinogens in vitro is
tainng RPMI 1629 growth medium supplemented an exceedingly rare event. Chemicals that act as car-
with 20% FBS (Milo and DiPaolo, 1Q78). After I 1 cinogens in neonatal foreskin cells in vitro can dam-
days colonies were scored, removed, and serially age cellular DNA (Milo et al.. 1978). but the DNA
subpassaged in CM. Growth in soft agar for treated repair systems in these normal diploid cell popula-
cultures ranged from no growth to 1: l0 " for aflato- ions are extremely rapid and error-free (Maher er
xin B,-anthralin treated cultures (Table QI). Cell a., 1977).
populations treated with non-carcinogenic com- Randomly proliferating normal cell populations
pounds and passaged through soft agar sometimes repair over 90% of the damage from chemical car-
formed short chains of two to six cells rather than a cinogens in 4-10 h (Milo and Hart. 1976) and are
colony. None of these cells formed colonies in agar rarely transformed. There are two methods for syn-
when passaged a second time. Addition of IN. E,. chronizmg mammalian cells in the G, phase of the
PMA or Anth at interval B enhanced colony forma- cell cycle: one is to arrest the cells in confluence and
tion in soft agar as compared with aflatoxin treat- the other is amino acid deprivation (Peterson et al..
ment alone. Serially passaging the cell a second time 1974; Jones et al., 1976b. 1977: Greenberg er al..
in the agar increased the frequency of colony forma- 1978; Grisham et al.. 1979). Following release from
tion to .10-90%. Similar results reoccurred with the block nearly all the cells enter S phase within b to
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TABLE 11

FREQUENCY OF COLONY GROWTH [IN SOFT AGAR OF TRANSFORMED HUMAN CELLS TREATED WITH DIFFTERENT
EXTRINSIC FACTORS AND AFLATOXIN 8,

Chmia 14li.1)' No. of treated '4o ot [sit= 1151 grew III apt Frequenepopulations '4o Of lins Seeded Ir agar

Control (0)0 0
Aflatoxin-B, (10) to 320O 1:lJ
Aflatoxin-B, (10) -IN (1) 10 10/10 1. i0'

IN (1) 313 1:101
Aflatoin-8, (10) E (1) 21 1:104

Aflatoxia-B, (10) CW: 4 (1) 3 3/3 1:103
C20:4 I,1) 3 1/3 1:10"

Aflatoxin-B, (10) C18:1 (1) 3 1,3 1: 103
C18:1 (1) 3 0/3 0

Aflatoxin-B, (10) d-cGMP (1) 21/2 0
d-cGMP (1) 2 0/2 0

Allatoxin-B, I,10) PMA (1) 5 515 1:10''

Aflatoxin-Anth (1) 4 4 4 1:10Li
Anth (1) 3 1/3 1.1012

The carcmgelac activity of Aflatonus B. tn cultures in the presence or a.dded factors thet altered the reponse parrem is 0Prcseited. The
exiogensous factors selected for that srudy were insuiin I INI: etradiol ,E, I; artachidortc acid (CZQ:4). oleac acid 1181): dibutyvcyclic GM-P (dGcM?1;
phornol inmraae acetate (PNIAI: and anihenlin tAnhil Each of these facbors was added at point 8 as described it Figure !. Ten hours Later. a the
cells were entering S. aflaroxin B, was added to the cells. After the treated cells had passed through 5 bo0th the cultures treated with the !actor alone
anrd/or carcinogen and tactor were removed t1N.3 41 after point 8 (Fig. 1). Column I presents the concentration or te carcinogen and factor added to
the cells. Column 2 presentis the number of Lines that grewn in sort aaisumber of lines seeded in son apt. Column 3 presents the frequency obtained
per number of lines that grew ini soft agar. Frequency is rte numiber of colonies formed in '1 .ias per 50.11) cells seeded itto an 0.35 "' agar overi
iMille and DiPaolo. 1978). The results were expressed as log values to the bhase, 10.

TABLE IlI

EFFECT OF EXTRINSIC FACTORS ON GROWTH OF TRANSFORMED CELLS IN SOFT AGAR AND TUMOR FORMATION
IN THE NUDE MOUSE

Treated cell polaioes Ehnte: factors Frequencyi of Noothof tdeuust Neso
groweth in soft agar' rot tndItile No. of attemp

Aflatomn B, Norie + + 118
IN + ~ + 7-
Anth + +5t7
PMA + + 1-18

E, + 4i

C18:1 -

HC -
d-c;\1P -

Nonse None -

MNNG None +. + 1/11
IN +. + 415
Anth +. + 5'S
PMA +- + 3/9

+ l'+
CO-:4-
C18:1
HC-
d-cGMP

None None-

Column one identifies the carctnogen used to treat each of the transfoirnable cell popuisciona. The exmic factors selected for Thtis studv were
ither Insulin I IN) esleudjoll (E,); anthrai(n Ath): phtortiol mytricale acetate (PMA):i aracitidotue acid (C20:41 : olese ac" C18: 1). hvdro -cor isne

(HC): or dihsatvevllciclc: GMP Wd-cM?). IThe fireosency of growth in soft agar represents the namber of lines that grew ink soft aart. Plus i
represarts 100 of lines that were seeded produced colIonies 14-1 days after seeding into 0. 33% sonw apr over aSi ml 2.0el agar hase I see rent tor

detaisa. Minus -) nonre of the Unea seeaded gre xnsoft ager. Minimum number or lines seeded w.= 3. -Transformed cells from all (+) lines were
injected at a CCUl concentration of S x 106 celaio, 5 Wml to the suhicapalar region of the irraldisted nude mouse. The rumors were, allowed to gr" to
0.6t-1.2 m in we (Mile and DiPaolo. 1978). Nomntansformed call lines i-I aid not form rumoatrs. I Thas colun reatesents, the number of sm that
produced tumors 4 weeks after Intection of the cell peck per total number of mace injected for a Single transformed cell Line isolated trom agar. Repeat
itiperesents wetith ocher transformed cell Linen yielded similar results, 14 other lines per trealtmeIC. Control (untreated cells I anoci did not "ro in soft
apt and when in~ecred directly from culture 110' cells per inisctiumit Into the mouse the biltxs) regressed in 20hours.
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8 hi. C3H IOTI/2 cells arrested in this manner, re- occur with E, (Milo er Li.. 197Z). HC iSchaller ef L
leased and treated with MNNG in S phase, exhibit 1976). and PMA (Wetistein er ai.. 19-9). these
an increase in sensitivity to MNNG and become chemicals can interfere with semiconservative DNA
more readily transformed. However, isoleucine-de- synthesis (Milo and H-art, 1975). Modulation of ccl-
ficient medium does not block human cells in GI. lular functions is not an unusual response by cells to
Furthermore, release of human cells from block by the presence of these compounds and they obviously
cell subpassaging, after density-dependent inhibition facilitate transformation by chemical carcinogens.
in G, with carcinogens over a 10-h period, does not This suggests that, as in the 3T3 system descrbed by
result in a carcinogen-induced transformation event. Grishamn et al. (1979), human cell subpopulations are
In fact, the transformation of human cells at early sensitized in S to carcinogens by amino-acid depnva-
passage levels is inhibited if the transformable cells tion and reconstitution. This' sensitization is en-
are kept in a density-inhibited state for 8-16 h prior hanced by Anth. I.N. PMA or E, at pharmacological
to subpassaging. Moreover, cultures held in the G, concentrations of the drugs.
phase of the cell cycle for more than 24 h cannot be Many of the compounds studied here iE,. HC.
transformed when treated with aflatoxin B1 or C20:3. C20:4, IN) are components of fetal bovine
MNNG in the S phase. A double amrino-acid-defi- serum and serve as natural regulatory agents of pro-
cient medium (minus glutamine and arginine I was liferazion, the action of P.MA has been suggested to
necessary to adequately block the cells in G1. Aug- resemble that of hormonal agents. The plesorvpic
mentation of the transformation occurs when IN. fesponses of subpopulatsons to the carcinogen tr'eat-

Ani. E. o PA ae ade totheculurs piorto ment may be induced by pretreatment with PMA.
carcinogen administration. The major difference be- E., Anth or IN. Therefore. after subsets of popula-
tween the effectiveness of aflatoxin B, and MNNG tions have been modulated by being kept in 01 tor
as carcinogens appears to be the time at which the 48 h or serially subpassaged in vtrro to PDL >5. the
compounds are added to the cells entering S. cells no longer respond to the extrinsic factors in the
MNNG is more effective if added early in S (0-4 h peec ftecrioes
after recovery from the amino acid block) while af-
latoxin B, is more effective if added from 2 h before ACNOwLEDGEMENT7S
S to 4 h into S. The incidence of transformation was
reduced to less than I out of 10 when these corn- This study was supported in part by N.1. H. -N. C.l1.
pounds were added to the cells in late S (.1 to 8 h into S). ROI-CA25907 and Air Force Office of Scientific Re-

IN, ?MA. E,, and Anth modulate the expression search AR 49620-77-C-')! 10.
of other transforming agents. and the effects on We wish to thank Mr. Robert Zimmerman. Mfr.
chemical carcinogen-induced carcinogenesis are not Thomas McMichael and Mrs. Inge Noyes for their
unique. Enhancement of virus-induced transforma- expert technical assistance in cell preparation and
tion by some of the same chemical factors used here their participation in the cell cycle studies.

REFERENCES

BASERGA. R.. Autoradiography. In: H. Busch (ed.).Methodi in JONES. P . BENEOicT. W . BAKER, M.. MONDAi.. W.. RAPP. U.
cancer research,. Vol. 1. pp. -15-)116, Academic Press. New York and HEiDELBERGER. C.. Oncoagenic trasftormation ot Cil-L
1967). IO.T1t2 clone 8 mouse embryo cells by halogenated pyrnmidine

CRLSrorALO. V.. and SiHsARF. B.. Cellular senescence and DNA nucleosides. Cancer Res.. 36. OlI71976)
synthesis: thymidine incorporation as a measure of population 'AAi4ER. V.. \IcCossscx. I.. GaovER. P.. and Si~s. P., Effect
age of human diploid cells. Earp. Cell Res.. 76.4.19-427 11971). of DNA repair on the cytotoxicity and rnutagenicitv of polvcv-
GRENBERG. D.. GasiAssm, I1.. BELL. W.. BAKER. %.1.. and clic hydrocarbon derivatives in normal and Xerodema pigrrnen-
KmA.N. D. Differing effects of isoeucine deficiency on tox- 105am human fibroolasts. Mutation Res.. 413. 117.138 1197)
orev of MNN6 for IGTI, and CHO cell. In Vitro. 14,'516-521 Maitz. G.. and Ross. J., Clone size sanation in the human
19781. diploid cell strain. W1.38. 1. Cell PhvswLi. 82. 75-80 (1473)

Gatii4.. J.. GREE'tUERO. D.. SmITH. G.. and K~uym.&s. D.......ACKERmAN-. A.G.. and Noy~s. IL. Growth and a).
Temporary culture in isoleucine-free medium enhances trans- trastrucniral charactenzation of proliferating human keratino-
formation of 1OT1,2 cells by N-methvl-W-nitrosoguanidine cytes in vitro Yithout added exrinsic factors. in Vitro. 16. 1-1!
OANNG). Biohen. Bioph vs. Ret. Comm., 87.*9.A75 11979). (1 980).
Gaovx. G.. and CtmotFAso. V_. Characterzanon of the cell MiLo, G.. and DIPAOLO. J A.. Neoplastic transformation af
cycle of cultured human diploid cells: effects of aging and hi'- human diploid cell in wuro after chemical carcinoagen treat-
drocortisone. 1. Cell Ph ysol., 90. 415 -412 19T7). ment. Naiure (rLond.J. 275. 130- 132 1975).
HARTr. R.. and Ssm~ow. R.. DNA repair in late passage human Mito. G.. and HAr. R.. Effects. of sieroid hiormiones on semi-
cells. .Werh. Aging Deveiop.. 3. 67-77 (1976), conservative and tV-induced unscheduled DNA synthesis. In

.NTris. . iILo. G.. Ps~A .s.4&IA. R.. and CoaiewELL. Vitro, 10, 346 11975).
D . Fatty acids and die s ltectve alteration of in vitro prolifera- mio. G.. and HART. R.. Age-related alterations in plasma
tion in human fibroblasta and guinea-pig smoothi-muscle cells, membrane givcoprotein content and scheduled or unscheduled
In Vitro. 14. 34-859 I 1978). DNA synthesis. Arech. Biochem. Biophvs.. 176. 110-118
JONES. P.. BE_,4rDifr. W . BAKER. N4..MorNoe±. S.. RAPP. 1U.. 1976).
BERTrRAli. J.. and BaNED[cr. W.. Cell cvcle-specific oncogenic Mnmo. G.. ML~A.RKEY. W . PoELL. I.. BLAcEsLEE. J., and
transformanion of C,H/ltrt'l2 clone 8 mouse embryo cells by Yoi4N. D.. The effects of steroid hormones in ftal calf serum
1-B-D-arabinolsiranosylcvtosine. Cancer Res . 37, 2'214-=217 on planing and cloning of human cells in iiro. In Vitro 12, 23-
1977). 30 i1976).



'4tLO A4ND ),P~kdLL

Mi4u ci w~ D &nod St-A.At , Horriona1 i o.xfca- 7 -at- R and L&', K hsolegcme-truediated reg1u.auun or

:,or 41 40tehuof :ranmtornactoa of lanumer ti) m, -ao penorri replication n vanowi mammatial cad linles .uucer

Cafu, Res 12. :3&384-u IT) Rr.; 31. aa5 ,;I

PmRfluof A ButTRAm. I &no HaitLatcep , Cdl N- TLMK B and %tlll- C Anin ro stuav of senescent events
,is Jspenderwv At DNA JaMage and repair n Transiormabme it ,uman enmonbc ung tWI-38i cells !Changes 'n enzyvme
moubc. nbro oiajis ;reaad ayth Nmrerthri.N rjtn,-*'-ruzmoo- Actiiis ol ;edular and mremoraneassjociated enymes ot in-
prudine wwflI Res 34, ^Osbt- 

1
114 .t's eaaeia ard oruwsne Acetate reared ziultures Junng Cnes.

Riw~t D ~McRJi. 7 ua. Eitir Andj MuW G, Po ence 4,rSt BsoCnsm 3tophv. I&. mn-53194

-Cesirig at lumart U rsaa eszabiasn :ninar zuitures n m tr E INT 111 IS M MSII .WG~ LEE L-S
7-s~ Caw' 'smxtaw5 abrai^W aAV a '" - i~ Ftzit P AEmaRE'l A and GRL'~35RGER. A \doiecuLa

r! ."(5 1 9e Iand cellular events associated with the action of nitiating zaf-

SCHIcLER. ; MILL) 6 BLcKE5LEE I HN D And cnogem~ anld tumror Dromnorers n carcinogens 1" C ciriffin
*)usts R influence of iricocurticord. estrogen anil androgen ind C Shaw, cds Ci:Ao nos~ ;arnrricarto. and 'recywnrumn

itrrnWS L.cnc Rr5 36. '-f N'h I J aciwor. Rayen P'res. New icr i)



Xdl rghm ,,..rced

GROWTH A.ND ULTRASTR UCTURAL CHAR ACTER IZATION
OF PROLIFERATING HUMAN KERATINOCI TES IN VITRO

WITHOUT ADDED EXTRINSIC FACTORS'

GEORGE E. MILO. G. ADOLPH ACKERMAN. kND INGEBORG NOIES

Department of Phvsiwloi cal Chemzstr. 'G. E. '1.,. DpArrteu ntt etennfir.
Pathobioloev iG. E. I.. .. I0 Coffe, Road: Darrmentr o 4,ttoin fG. 4. .4 . Codele

, lleaicine. 333 X . Tenth .4tenue: Comprehertsie Cancer Center o I. E. .M[.). 1380 Cannon Drive.
The Ohio State L nit ersu . Columbus. Ohu. 43210

,Received April 2. lQTQ: accepted J ulv 13. irT9J1

Routine in vitro cultivation of human epithelial cells derived from foreskin and free of
contaminating fibroblasts has been achieved without the addition of conditioned medium
or extrinsic factors. Epithelial cell populations could be serially subpassaged and exhibited
modulating responses at PDL5 to culture conditions as the cells passed from phase I
through phase 2 of their life span. The cell population in early phase 2 gave rise to tissue
sheets that exhibited characteristics typical of human foreskin epidermis including the
formation of distinct cellular layers, viz. strata basaiis. spinosum. granulosum and
corneum. Typical keratohyaline granules were not observed in the epithelial cells although
a distinct cornified layer was evident. Ultrastructurally, desmosomes and tonofilaments
were readily apparent. Thus, the procedure detailed in this study will produce highly dif-
ferentiated fibroblast-free epidermal sheets reaching several centimeters in size and which
can be removed from the substratum as a single sheet of organized epidermis. The epi-
thelial cells could be cultured through 20 = 3 PDL. whereas fibroblast cultures derived
from foreskin cultures exhibited 40 = 5 PDL and mixed cell cultures of foreskin were car-
ried through 43 = 3 PDL.

Key words: epithelial cells; human skin cultures; skin epithelial cells; epidermis culture:
ultrastructure of cultured epithelial cells.

INTRODUCTION 191 reported that by the use of a dermal collagen

Reproducible in vitro cultivation of normal pro- bed derived from sterile pig skin. human epi-
liferating human epithelial cells has been difficult thelial cell cultures were established in 129 of 140
to achieve with present methodologies and the attempts; the cultured epithelial cells grew in the
procedures developed to establish primary epi- absence of fibroblasts or their products iexcept
thelial cell populations have resulted in a low rate collageni. Earlier. we described a method for the

of success 1-4). Enhanced establishment of epi- enzymatic dispersion, growth and serial subpas-
thelial cell populations from explants 15.61 occ sage of primary cultures of human fibroblasts de-
with the addition of fibroblasts or extrinsic growth rived from foreskin I 10 1: epithelial colonies were

factors. i.e. products released from cultured fibro- occasionally noted in these cultures after subpas-
blasts 1conditioned growth medial 17). epidermal sage. We have now modified the culture technique

growth factor 13) or hydrocortisone 18 1. to the cul- in a manner that permits not only the establish-turn or culture media. Recently. Freeman et al. ment of pure populations of human fibroblastsbut. more importantly, allows for the successful

establishment of pure human epidermal epithelial

This work was supported in part by N.I.H. N.C.1. cell cultures. The human epithelial cells were
ROI-CA-25007 and Air Force Office of Scientific Re- grown successfully without the addition of extrin-
search F40h20-77.CI 11). sic growth factors or collagen substrata and have

20
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been serially subpassed. fibroblastlree. on a lypholized 9300 BAEE U per rg. lot TL-3BPI in
routine basis. Epithelial cells could be grown to CM was layered over the culture monolayers.
form large multilayered epidermal-like sheets in After 90 seconds, the fibroblasts floated off the
which the cells showed differentiative characteris- substratum while the epithelial sheet remained
tics consistent with those noted in normal intact firmly attached to the substratum. The enzymatic
epidermis for a limited numberof PDL. IPDL 5). action was stopped by the addition of 10% FBS-

It is the purpose of this report to detail the supplemented CM. Residual fibroblasts were re-
methodology used for the routine culture of moved by rinsing the flask twice with growth me-
human foreskin epithelial cells Ikeratinocytesi. dium. These fibroblasts were seeded in separate
which grow to form large multilaver cell sheets. culture vessels and subpassed as previously de-
The growth characteristics and morphology of the scribed 101. The epithelial cultures were fed with
cultured cells also will be described. 11.5 ml CM medium. 1.5 ml FBS and 3 ml mini-

mum essential %itamin mixture 1Ox oncen-
tratedl [CM plus vitamin supplemented iCM-V1.

MATERIALS AND METHODS Microbiological Associates. Walkersville. Mary-

Preparation of cell suspensions. Human fore- land]. The reduction in supplementation of FBS
skin was obtained from infants at the time of cir- from 20 to 10% or even 5% diminishes the growth
cumcision. The epidermis was dissected carefully rate of residual fibroblasts while not adversely af-
from the underlying connective tissue dermis and fecting the growth of the epithelial cells. Tryp-
cut into 2-mm pieces in MEM-Hanks' balanced 3inization was repeated 2 to 4 times at 3-day inter-
salt medium containing 25 mM HEPES buffer at \als. Epithelial cultures were allowed to grow for
pH 7.2 [ICMI culture mediumi. The tissue was at least 2 weeks and were refed every 4 days with
rinsed three times in this medium and the tissue CM-V.
fragments transferred to 20 ml of CM medium Serial subpassage of epihelial cells. Subpas-
supplemented with 20% fetal bovine serum i FBSI sage was initiated within 2 to 4 weeks after seed-
containing 0.25% collagenase 115 U per mg. ing of the primary cultures. In preparation for
4197 CLS. Worthington Biochemical Corp.. subpassage. the CM-V medium was decanted and
Freehold. New Jerseyl. Enzymatic tissue disper- the epithelial cell sheet rinsed with 10 ml of Mg*' - .

sion was done at 37 C in a 4% CO:-enriched air Ca"-free MEM containing 0.02% tetra sodium
atmosphere for 5 hr or overnight. Cells were re- ethylene diaminetetraacetate iEDTA: Eastman
covered from suspension by centrifugation at Kodak. Rochester. New Yorki at pH 7.2. Cul-
150 x g for 7 min at 40 C. The cell pellet was tures were then treated with a 0.1% trypsin solu-
washed twice with C.M medium and seeded into tion in Mg - Ca*'-free MEM. 0.02% EDTA. for
.5-cm- flasks. After seeding. the cel cultures had (A seconds. Trvpsin activity was neutralized by
to be refed at 48 hr with 15 ml of the CM medium addition of 15 ml of CM-V medium containing
supplemented with 20% FBS. Three to five days 1010 FBS. The epithelial colonies lost continuity
later. cultures were observed for the appearance and individual cells became detached from the
of epithelial colonies, and the mixed cell cultures substratum. The dish ior flaskI was gently shaken
were allowed to grow to confluency. It should be increasing detachment: free cells floated in the
noted that epithelial cell growth was dramatically medium.
inhibited by addition of either penicillin. strepto- The free-floating epithe!ial cells were recovered
mycin. aureomvcin or fungizone. Therefore. anti- by centrifugation at 150 - g for 7 min. and the
biotics were not added to the culture medium, cell pellet was resuspended in CM-V medium sup-

Preparation of epithelial cell cultures. At con- plemented with 10% FBS. After rinsing the pellet
fluent density or when cultures reached a diame- once in CM-V medium, the suspended cells were
ter of 3 to 9 mm. primary mixed cell cultures were seeded into 25-cm' flasks or plat. at a cell density
trypsinized in order to remove fibroblasts. The of 30.000 cells per cm'. 5ubsequent subpassages
longer the cultures were left in confluent density, were done in a similar manner. Within 15 to 20
the more difficult it became to selectively remove min after seeding, the cultures were gently rotated
the fibroblast population: 1 hr after the cultures by hand for about 5 min to encourage aggregation
reached confluency proved an optimum time to do of the single ceils before attachment to the sub-
this. CM was removed from the mixed cell cul- stratum: without this step a noticeable decrease in
tures and the cultures rinsed twice. One milliliter the numbers of subsequent -. ,theiial olories was
0.1S trypain lWorthington Biochemical Corp.. obser ed.
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TABLEI

GsusIrii HTl ~ Ti~ ' FIBiosi~ki!F EPITHVIkL NNO MlINED (JiLL PetV Lkftiiis I\ '51110,

Fibobas 37,.Is5) 1 5 - I I t. 401 5
Epithelial' 235.()O t -0 o i 4 -1 U 3
\Lxed _'3.000 li iI 43 =5

' lhese rell populatioins exhibit alteratiofla in morphnoovr is theN anrendeial I.ubp".izrl.

Preparation of epithelial And fibroblast cultures sections for electron microscopy were itained with
for microscopy. Cell cultures examined for their tiranyl acetate And lead citrate.
growth patterns and morphology in culture were
fixed in forinalin and staied with hemratoxylin.
For electron microscopy. epithelial cultures were RESU'LTS
washed with CMI media and exposed to 0.1"o

coilagenase in 10%7 F BS- supplemented growth Growth characteritiucs of epithehia and flbro-

msedjium at 370 C in 4o CO,-enriched air atmos- bWast populations. Epithelial cultures. freed of
phere for 4 to 12 hr in order to free the cells or fibroblasta. arew in discrete colonies iFig. 11. Cell
colonies from the substratum. These cell sheets 12 colonies at conlluencv formed large continuous
to 50 cm' in area) were removed and fixed in 3o nheets 1735 cm in size. 'On occasion, the Cell sheet

glutarsldehvde in 0.13 Al cacodylate buflfer. pH would spread up the iide of the well or around the

7.4. for 30 min at room temperature or overnight neck of the culture flask, a feature never observed
at 40 C. Confluent cultures of fibroblasts were with fibroblast cultures. Optimal cell densit% for

,scraped into sheets and fixed in M3 giutaralde- seeding of "pithelial cultures was found to be
hyde. Cell preparations were itubsequently post- 50.00)0 cells per cm' and a population doubling
osmicated in I'0 chrome-osmium tetroxide for occurred alter 14 days Il11 Pure epithelial cul-

[ hr at 40 C. dehydrated and embedded in tureg iPDL 2. to.5) exhibited cellular straification

kraldite. Thick I I m) sections were stained with rather than forming true monolavers: Cells were
1-0 basic fuchsin in 30%. acetone or with aqueous always found to be in contact or inttmatel% at-
.1% toluidine blue for light microscopy. Thin tachedwt h daet~tsfteptho

-~~ 445 *~a

IV I

F 1, 3 Transwer. ewtion thin gah the more ental rocinn of an . ithelial .h..i from euiture atl
PD .Note tiratification if the eptheial els tar baisjfis 8: %ratus 4oin-um aim t~ratum

dranuiosuim. (G; itraium oorneum. L. 1-m kruidite a.-a-on titned %vils bapic fuchsin. .7
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be detailed in a subsequent paper. Fibroblait
populations remov~ed from the mixed foreskin cuii-
tures and seeded on a separate substratum ex-

*b" hibited typical fibroblast growth patterns
/ Fig. 2). growing in definite parallel whorl like

. not attached to one another. The fibroblast
A. growth characteristics were maintained for

( - ~ .e.V' PDL 40) Table I I when cloned from 100 cells per
em'~ or at a high density of 3.000 cells per cm .

"N ~ ~ ~ Saturation growth density of subcultures of fibro-
blasts decreased from;'0.000 cells per cm- I PDL I
to 131 learly phase 21 to 15.000 cells per cm PDL

Fit; 4. Transverse iecion through the matrinal 16 to 311 middle phase 21, and cultures would not
region of the epithefial 'heet from cultures at PDL I.reach a confluent state after P DL 32 1Table I I
Note that the number of cell lavers and thickness of this Ilate phase 2 1.
ares isiless than in Figt. 1. Individual strata can been. Microscopy of thze epitheliil cell population.
Stratum basalis. B; stratumn spinosumn. S:srau

tranuiosum. ~ ~ ~ ~ ' G:'rtmcreu.C - rae ec Light microscopic examination of the epithelial
tion itained w~ith basic fiichsin. 7iXI. colonies demonstrated their stratified nature

PDL I to 51. The central region of the colonies
4heet. These growth characteristics were main- was 0 to 8 cells in thickness 4 Fig. 3). whereas the
tained for five PD L after which distinctive margial zone was much thinner and consisted of
changes occurred in the growth pattern that will 3 to 5cell lavers iFig. 41.

'01
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Fir, 5. Epith#4ial cells of the basal B)l and spinosum ISO lavers. Note filament IF) bundles and
flefisnmoo DOm-)ea mttochn'dria IM) are also indicated. Stained with uranvi acvtaie and lead
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FIG. b.Epithelial cells from the upper portion of the 5pinosum. Cy.toplasmic filaments 1F1 and
desnsoaome" ilO) ame prominent. 5mali cytoplasmic granules 1) are indicated near the plasma memn-
brane. Stained with uranyl acetate and lead citrate. s30.04SJ.

The structural organization of epithelial sheets desmosomes that joined adjacent epithelial cells
was strikingly similar to that of typical foreskin were common fFigs. 3,()1. Epithelial cells from
epidermis, and distinct cell layers or strata as seen these cell zones had numerous mitochondria, scat-
in the epidermis were readily identified, viz. tered profiles of rough endoplasmic reticulum and
strata basalis. ipinosum. granulosumn and Golizi complexes of modest size. The number of
corneum IFigs. 3.4). The stratum spinosum of the polvsomft and the electron density of the cyto-
epithelial sheets was generally 2 to 31 cells thick plasmic matrix were generally greater in basal
and rested on a single row of basal cells, which cells than in the cells of the stratum spinosum.
formed the stratum basalis. The epidermal cells of Epithelial cells comprising the stratum granu-
the stratum spinosum were polygonal in contour. losum I Figs. 7.81 varied moderately in their ultra-
featuring abundant cytoplasmic filaments. Junc- structure. Cytoplasmic filaments'of these cells
tional zones weres evident between cytoplasmic were less clustered than noted in the stratum
processes of adjacent cells. Prominent cyto- ipinosum. and the filaments tended to be aligned
plasmic granules. which stained intensely with along the long axis of the cell. Desmosomes were
basic fuchsin and with toluidine blue, character- common but filament attachment to these struc-
ized the flattened cells comprising the stratum tures were less evident than seen in the stratum
granulosum. this stratum varied from one to two spinosum. The discrete cytoplasmic granules evi-
cells in thickness. The most superficial cell layer, dent by light microscopy in the granulosal cells
the stratum corneum. was one to two cells in w~ere quite conspicuous at the electron micro-
thickness. These cells were quite flat, lacked scopic level. These structures appeared as large.
nuclei and their cytoplasm appeared amorphous irregularly shaped. membrane-bound granules
and stained poorly; granules were not visible in lFigs. 8-10). which varied in size, electron density
the cytoplasm. The surface of the cornified cells in and internal structure. Small membrane-bound
direct contact with the culture medium appeared vesicles and myvelin figures lFig. 7) were comn-
thickened and was darkly stained. In some in- monly found within these granular structures,
stances, the superficial cells of the epithelial sheet which indicates morphologically their similarity
were partially separated from the underlying to secondary lysosomes and lipofuchsin granules.
cells. Fibroblasts were not obaerved either by light or both. Transitional stages in the formation of
or electron microscopy in epithelial sheet cultures. these lysosomal-like granules were noted in some

Ultrastructurally. the cells of the strata basalis granular cells and occasionally in cells of the
and spinosum exhibited extensive arrays of lia- stratum spinosum. which were in direct apposi-
meat I tonofilamenta) bundles in their cytoplasm. tion with the cells of the stratum granulosum
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I Fig. 9 1. Typical keratohyvaline granules were not tion. the mucus-costing granules IMCGI de.
observed in the epidermal cells although present scribed in normal epidermis.
in the native foreskin epidermis. Relatively few The most superficial layer of the epidernal
mitochondria were present in the epithetial cells of sheet 4 Figs. -.. 101 resembled the typical stratum
the stratum granulosum and nuclei were tincom- corneurn of foreskin epidermis, although tis
mon in this layer of the cultured epithelial sheets. stratum wast only one to two cells thick in the cul-
Small electron-dense, round-to-oval, membrane- ture preparations. The cells were quite flattened
bound granules with electron lucent clefts or zones and lacked nuclei and cell organelles. Tonofila-
Figs. 4,.-.) provided an additional morphological ments were abundant, oriented parallel to the

feature of the granular cells and cells of the long axis of the cell and embedded in an amor-
stratum spinosuni in immediate apposition to the phous material of low electron density I Fig. 101.
stratuim granulosum. It is noteworthy that these The plasma membrane was thickened when comn-
small granules concentrated along the plasma pared to the cell membranes of other cells of the
membrane on the side of the cell directed toward epidermal sheet. Modified desmosomes. similar
the stratum cornewn. These small granules to the modified desmosomes described for normal
closely resemble morphologically. and by posi- epidermis, were evident between the cornified
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FiG. 8. Higher magnification of dhe secondary lywoomes or lip-ofuchsin granules i Ll of graulareUl
in the stratum granulosurn demonstrates their v ,i ble internal structure. Desmosomes are shown at D
and a portion of an epitheiial cell C0 of die stratum corneum. Stained with ursn'.l acetate and lead

kerstinized) cella. Transitional forms between tures of foreskin appeared quite distinct I Fig. Ill
typical granulosal cells and the superficial corni- from the cells of the epithelial colonies and sheets.
fied cells were found. Most of these cells occurred singly. Cells in con-

Worphology of the fibr-oblast population. tact with one another were not attached by desmo-
Fibroblast cultures derived from the mixed cul- somes. Fibroblasts contained both smooth and

-~; 
A.'.4

7 4~I .4I.q

iL3
C' J

Ftu. 9. Epithelial cell located at the junction of die stratum spinosum and igranulosum. Note
morphological states in the formation of the large .econdary lvsosomes or Iipoluchsin granules oLl.
Cytoplasmic filaments IF, and mitochnndria I M) are indicated.* Stained with uranyl acetate and lead
citrate. -44.il)tS.
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rough endoplasenic reticulum. The rough endo- using ahtertiative procedures to prepare epithelial
plasmnic reticulum wasn frequently distended and cell cultures in vitro IT.9.12-151. were not ob-
such profile had few attached ribosomes. Mtito- served in this study. Cells comprising the epi-
chondria wee numerous and glycogen was abun- thelial sheets exhibited differentiative changes

dant: autophapic vacuoles were present. At higher identical to those occurring in normal epidermis
magnifications. cytoplasmic filaments were evi- of the intact foreskin. Distinctive cell strata were
dent but were less numerous than in the epithelial observed in the epithelial cultures. Epitheial cells
cell and did not form discrete bundles as seen in or kerstinocytas possessed tonofilaments. desmo-
the epithelial cell cultures. somsal junctions and mucus-coating granules.

Thickened cell membranes of the enucleated

DISCUSIONsuperficial cornified cells plus modified desmo-
DI~ctS~oNsomes and organized tonofilaments in an amor-

We have been able to culture and serially sub- phous matrix characterized these fully differenti-
pass epithelial cells derived from normal and ated surface epithelial cells 1191. Diflerentisuive
human foreskin. Pure epithelial cultures free of changes in each cell strata of the cell sheets were
contaminating fibroblsts were obtained and identical with those seen in normal epidermis ex-
maintained in typical epithelial-like cultures cept that keratohyaline granules 1201 were absent
through five PDL. Epithelial growth patterns in the stratum granulosum; however, secondary
were distinctive, and cell colonies, when grown to lysosomes or lipofuchain granules were a con-
confluency, formed large sheets several layers in spicuous feature of the cells of the stratum granu-
thickness with adjacent cells joined by desmo- losumn of the epithelial cultures. The absence of
somal junctions. Self-limiting islands of epithelial keratohyaline granules may reflect the cell's in-
cells surrounded by fibroblssts. noted by others ability to synthesize these granules while rapidly

N(~ 4 .V

% L

FIG. 10). Note the tooofilaments I FI have assumed an orientation along the long ais of the cells of the
suatnn graninsuim. Desmosomes D I and secondarv lysosomes ILI are evident. The plasms iem-
broncof cornified cell 10 is thickened and fine filaments are embedded in an amorphous matrix in this
superficial cell of the epithelial sheet. Stained with aranvi acetate and lead citrate. x29.00.
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Fl(; 11. Cultured fibroblasts deri-,ed from the mixed cultures Are morpho&,gicaliv distinct from the
cells of the epithelial vheets. There are no desmosomes and fevi filaments can be distinguished. Mito,-
chondria are numerous. icattered dilated cistermae are evident And a number )f vmall sacuoles are
an edctaepresent in the cytopiasm. glvcocen #GD is a common feature of thewe 'll. ' Iained -ith uranvi acetate

proliferating or because of in vitro culture Growth of human cell populations can be af-
conditions. fected by the composition of the fetal bovine

Variable degrees of success have been reported serum I 15i. Traditionally, we characterize '18)

in the propagation of normal human epithelial the fetal bovine serum prior to use on human cell
cells, particularly those from human epidermis or populations. In addition, we have found that a.-
skin. Explant culture of human epidermis com- veral types of antibiotics inhibited the establish-
monly exhibited f ibroblastic growth in association ment of proliferating epithelial cell cultures. We
with the epithelial outgrowths suggesting that have found that the growth characteristics, cell at-
fibroblast interaction was necessary for achieving tachmenta. proliferative characteristics and life
epitheiial propagation and differentiation 116)l. In span of the cultured epithelial cells from human
the system described here the presence of fibro- foreskin were finite and were markedly different
blasts does not enhance growth of the epithelial from cell cultures arising from a mixed cell
cell population. On the contrary. fibroblasts. population. Fibroblast cultures, derived from in-
when left in mixed cell cultures. overgrow the epi- fant foreskin subcultures, when grown to conflu-
thelial cells, thereby inhibiting epithelial growth. ency. ceased to grow except at terminal points of
After contaminating fibroblasts from mixed pri- the whorling patterns: overlapping of cells only
mary cultures of human foreskin were removed by occurred at these sites. In contrast, epithelial cells
selective trypsinization. we were able to aubpas,- grew in concentric ring patterns and were se-
sage the pure epithelial cell population up to five veral cells in thickness.
PDL without morphological alteration. Others Preliminary comparison of growth characteris-
,I-. were able to subpaaa, normal adult akin tics, as noted in Table I. indicated that the life
through four subpassages with modest differentia- spans of epithelial cell populations were different
tion evident in the culture strata. in extent of proliferation from fibroblast PDL.
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Moreover. the epithelia] cell populations did ex- 8. Rheinwald. H.. and H. Green. 1975. Serial cultiva.

hibit characteristic senescent features in vitro. tion of strains of human epidermal keratinocvtes:
These cell populations. like the fibrblasts. The formastion of kerauinizig colonies from

pased hrogh hass an 2 ll s sen y ingle cellh. Cell t: 331-3-14'passd troug phses an 2 11) s sen b Q.Freeman. A.. H. Igel. B.* J. Herrman. and K. L.
Karasek and Liu i I0l. They did not exhibit Kleinleld. 1976. Growth and characterization of
saturation density-dependent inhibition. The human skin epitisefial cell cultures. In Vitro 12:
piling up of the epithelial cells into strata 120,211 332-3b2.

may account for the increase in numbers of cells 10 Riegner. D. .T. McMichael. J. C. Berno. and
obs'rve in he pithlia cuture. W hav fond 0. E. Mlilo. 1976. Processing of human tissue to
obseveditsthe pitelil cuturs. e hae fund establish primary cultures in vitro. TCA Manual

that foreskins from adults can produce a ready 2:27-26
source of keratinocyte cells that can be grown in 11. Havflick. L. 1973. Subculturing human diploid
v itro using the method described here. These epi- f ibroblast cultures. In; P. Kruse and NI. K. Pat-
thelial cell populations also exhibit the growth terson Eds.). Tis~sue Caiture M~ethods And .4p-
characteristics associated with tissue in phase 2 plicatuwns. Academic Press. New York. pp.

2:19-i23.
and difieresntiative structures similar in anatomi- 12. Parshles'. Xf. S.. and H. S. Simms. 1MA). Cultiva-
cal characteristics to skin epidermis. This differ- tion 'of adult skin epithelial cells (chicken and
entiative tissue produced in vitro does not require humnani in vturo. Am. J. Anat. 8t6: 163-189.
added extrinsic factors, such as epidermal growth 13. Hamden. D. G. 19W0. A human skin culture tech.
factor. pituitary extract, conditional growth me- nique used for cytological examinations. Br. .1.

dium hyrocotisne o th preenc of ollgen Exp. Pathol. 41: 3 1-37.
dium hyrocrtioneor he resnceof ollgen 14. Karaselt. NM. A. l10M. In irro culture of human

to restrict the proliferation of fibroblasts. skin epithelial cells. 1. Invest. Dermatol. 47:
33_-W5.
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SUMMARY

Previous work with low passage synchronized human foreskin fibroblast
cell populations has indicated that benzo[aIpyrene (BP) can induce a car-
cinogenic event [3]. BP additionally has shown to damage DNA in log-
arithmically growing low passage cultures [9]. High passage cells, on the
other hand, seem to be refractory to transformation by BP, even though
this agent can induce DNA damage, similar to that seen in low passage
cells. When low passage cells were treated with BP, the initial binding of the
hydrocarbon was primarily to a cytoplasmic protein complex of molecular
weight 12,500, while in high passage ceils, a ,major portion of BP was bound
to a protein complex of molecular weig , ),000. High-pressure liquid
chromatography (HPLC) profiles of :h- ntate extractable fractions
from the BP-cytoplasmic protein c "' .:xez I o, and high passage cells
demonstrated that the majority ot .,e 13P remaied unmetabolized. When
nuclei were isolated from low and high passage cells prior to the HPLC
analysis, the major component (90%) was again unmetabolized BP. The
results suggest selective attachment of BP to different cytoplasmic protein

'Research supported in part by a pant from NCI-NIH-1-RO1-CA 25907 and Air Force
Office of Scientific Research Contract F49620-7 -C-01 10.
"To whom request for reprints should be addressed.

Abbreviations. PNH. poiynuclear hydrocarbon; BP, benzo(alpyrene; HNF, human
neonatal foreskin; HPLC, high pressure liquid chromatography; Buffer A, 0.02 M Na
phosphate- 0.03 MTris-HCI- 2.5 mM Na, EDTA- 0.5 mnM DTT(dithiochreitol),
pH 7.5 ;Buffer B, 0.01 M "risn maleate -l rM DTr'- 3 mMCa (Ac), - 2rnMMg(Ac)., pH 7.5; BHT, butyiated hydroxytoluene; BP-9, 10-diol, 9,10 dihydro-9,10-di,

hydroxy BP; BP-4,5-diol, 4,5-dihydro-4,5-dihydroxy BP: BP-7,8-diol, 7,S-dihydro-7,S-
dihydroxy BP; BP-11, 12-dioL, t1,12-dhydro-11,12-dihydroxy BP.
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, . complexes of logarithmically growing human diploid fibroblast cells de- mented me

pendent on the passage level of the cells. After 12 h
____cell pellet

100,000 X&<

INTRODUCTION coated chai

[G-3H]BP
Polynuclear hydrocarbons (PNH) are a class of molecules which must 158 , 0 9 ci

be activated to reactive metabolites in order to function as mutagens or Buffer A at
carcinogens. This activation involves the conversion of polynuclear hydro- and the rac

carbons (PNH)4 , such as BP, to dihydrodiols, epoxides, phenols, quinones counter at;

and water soluble conjugates [4-6,12,131. The 7,8-dihydrodiol-9,10-epox-

ide of BP has been shown to be the major reactive metabolite bound to HPLCof [(

DNA [141; BP 7,8-dihydrodiol-9,10 epoxide (anti) deoxyguanosine is the PreconIt

major DNA adduct formed in human and bovine bronchial explant tissue 27 C:.mmo
[7]. The formation and cellular processing of this covalent DNA adduct above. For

is suspected to be a crucial event in BP-induced carcinogenesis. G-2 H ]BP
Earlier reports from our laboratory have shown that BP absorbed into a mod:ficat

human neonatal foreskin (HNF) cells in culture and first accumulates :.n vas suspen,

the cytoplasm (3]. Labelling of the cells with L-t4,5-3 H]leucine before exam:nato

treatment with (7,1O-1'C]BP ondicated that the PNH is initially bound to Ex:ractu

a cytoplasmic protein complex (unpublished data). Distribution of the BP fraction wa
into the nucleus of treated cells occurs 12h later [3. Moreover, BPtreatnent 0.5 ng, ml

of HNF cells neoplastically transforms them at passage level 5 1low passage f itered,

cells), but does not transform cells above passage level 10 1 high passage (2 1 I v v).

cells) [8]. Optimum transformation is observed when low passage cells was dned |
are treated with BP 12-24 h prior to entering the S phase; this treatment wi,-h meth
causes 3.0 breaksi10 s daltons of DNA [9]. The time required for optimum bohte st

BP-induced DNA damage coincides with the specific tume period in which Instrument

optimum BP enhancement of focus formation occurs in SV-40 nfected 30 cm g-
transformable cells, i.e., treatment of the cells With BP 12 24 h prior to elution so

infection has been shown to enhance focus formation 2-fold [11]. Since at a flow

SV-40 (viral) DNA does not need to replicate in order to be integrated metr' to 1
into the host cell DNA, these observations support the concept that parent criate frac

(unmetabolized) BP is directly involved in the transformation process fractions
within the nucleus. This report presents studies on the nature of association for S 9 m
of BP with the cytoplasmic protein complex and nuclei from low and high of the cnr

passage cells, 12 -24 h following the initiation of treatment. metaooiite
B P- 7. S-di

MATERIALS AND METHODS none. 9.6;

BP, 37.5.
Preparation and isolation of BP-cytoplasmic protein complex than 90%.

All extraction procedures were carried out under argon and red light to

reduce photoxidation and autoxidation. RESULTS
Passage 5-25 HNF cells were grown, serially subpassaged, and treated

with BP as described earlier [3]. After seeding 48-72 h (40--60% cell [G.?H]-

cunflu,,ncv). the -,owth medium was replaced with a carcinogen-supple hign p, I.)
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mented medium containing 0.125--26 ;M [G-HI]BP (16-40 Ci/mmol).
After 12 h of treatment, the cells were harvested and washed. The 650 Xg
cell pellet 131 was homogenized in 2 ml of Buffer A and centrifuged at
100,000 <g for 1 h. The cytoplasmic fraction was partitioned with dextran-
coated charcoal in Buffer A, and 2 ml (0.2--0.3 mg/mi protein) of the
[G- 3 H] BP protein complex was applied to a Sephadex G-200 column
158 < 0.9 cm). Elution of 0.5 ml fractions was carried out with 50 ml of
Buffer A at a flow rate of 15 ml/h. An aliquot of each fraction was removed
and the radioactivity assayed in a Packard Tri-Carb liquid scintillation
counter at a tritium counting efficiency of 38%.

HPLC of [G-3H]BP metabolites
Preconfluent cells were exposed to 0.072 WM [G- 3HIBP (1 mCi/ml,

27 Ci,/mmol) for 12 h and a 100,000 xg fraction was prepared as described
above. For the nuclear metabolite profiles, cells were treated with 26 WM
[G-H]BP (1 mCi/ml, 27 Ci/mmol) for 24 h, and nuclei were prepared by
a modification of the procedure of Chaveau et al. [ 2]. The nuclear pellet
was suspended in Buffer B and contrast-interference Nomarski microscopic
examination of the nuclear suspension indicated a 35% recovery of nuclei.

Extraction of either the BP-cytoplasmic protein complex or the nuclear
fraction was completed with 3 vols. of ethyl acetate in the presence of
0.8 mg/ml BHT; the organic phase was passed over anhydrous sodium sulfate,
filtered, dried under argon and dissolved in 0.5 ml of acetone/methanol
(2 : 1 viv). Aliquots were removed for counting and the remaining sample
was dried under argon and stored at -90C. The sample was reconstituted
with methanol acetone:DMSO (2 : 1 : 1 by vol.), non-radioactive BP meta-
boiite standards added, and the extract chromatographed on a Dupont
Instruments Model 848 High Pressure Liquid Chromatograph with 4 mm
:< 30 cm .-Bondapak C, column iWaters Associates) using an isocratic
elution solvent of methanol/water/ethyl ether (66.3 : 30.4 : 3.3, by vol.)
at a flow rate of 1.4 ml, mm. The effluent was monitored by UV spectro-
metry to identify metabolites, which were quantitated by collecting appro-
criate fractions of the effluent for liquid scintillation analysis. Six second
fractions were collected for 11-12 min, then 12-s fractions were collected
for S - 9 min and lastly. 60-s fractions were collected until the completion
of the chromatographic run. Typical retention times in minutes for each
metabolite were: BP-9,10-diol, 3.6; BP-4,5-diol, 5.5; BP-11,12-diol, 5.8;
BP-7,8-diol. 6.5; i3P-1,6-quinone, 8.6; BP-11,12-quinone, 9.1; BP-3,6-qui-
none, 9.6; BP-6,12-quinone, 11.0; BP-9-phenol, 16.5, BP-3-phenol, 19.1;
BP, 37.5. The overall recovery of radioactivity from the column was greater
than 90%.

RESULTS

[G- 3HjBP-protein complexes isolated from the cytoplasm of low and
high passage cells were chromatographed on a Sephadex G-200 column.

IIN
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Fig. 1. Sephadex G-200 chromatography of a [G-'H]BP-cytoplasmic protein complex
from low passage cells. The cytoplasmic fraction was prepared from passage 5 HNF
cells treated with [G-'H ]BP for 12 h. 50,000 dpm were applied to a Sephadex G-200
column (58 0.9 cm) and eluted with 0.0 1 MI Na phosphate - 0. 3 %1 Trs-HCI - 2.5
mM Na, EDTA - 5 mM~v DTl' (pH- 7.5). 0.5-ml fractions were collected and the radio-
activity was assayed. Blue Dextran - 200,000; Aldolase - 158,000; Bovine Serum
Albumin - 67.000; Hen Egg Albumin - 45,000; Chymotrypsinogen -25,000; and
(7ytochrome c - 1-2,500 serv~ed a s moieexuiar weight standards.

BP -t

* Joote I
CQC~". 30 4 3

Fracnof No panel. P

Fig. 2. Sephadex G-200 .chromatography of a (G-'HIBP-cytoplasmic protein complex * tom hii.
from high passage cells. The cytoplasmic fraction was prepared from passage 25 HNF un
cells treated with [ G-'H JBP for 1 2 h. 100,000 dpm were applied to a Sephadex G-200 complex

column (58 0.9 cm) and 0.3 mlJ fractiuns were collected as described under Fig. 1.A ea!
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In low passage cells, a major portion of BP was associated with a protein
complex of molecular wetgh: 12,500. The ratio of area under the jow
molecular weight peak to the hit.h molecular weight peak was 6 5 1 Fig. 1 I.
In high passage cells, a major portion of BP was associated with a protein
complex of molecular weight 200,000 and the ratio of the area under the

o.........1 1

mpp

Wi4
Fig- 3. HPLC proriles of the ethyl acetate extractable radioactivity from the total cyto-
piasmic protein-hydrocarbon complexes of iow and high passage cells. Non-radioactive v

BP metabolite standards w*ere cochromatographed wnth the radioactive extract for meta- ',
olite identification. An isocratic elution solvent of methanol, water.,ethyl ether (66.3 .1

.30.4 3.3. by vol. ) was employed at a flow rate of 1.4 mni/min and fractions codle,ted., 1

f'or liquid scirnttlation spectrometry. I See Material and Methods for de~ails.) Upper "
panel Profile of the or~anic extract of (G- H BP-total cytoplasmic protein complex "
from high passage human diploid fihroblasts. A total of 6300 dpm were applied to the
column. Lower panel: profile of the organic extract of rG-7H jBP-cytopiasm~c protein

complex isolated from low Passage -iuman diploid fibroblasts. A to~al of 4000 dpm
-mere applied to the column. Note the discontinuity in the retention time scale.

'i
Fig. .HPL profles o the ety ctt xrcal aiociifo h oa yo

..asm..pr.ein.ydrocrbon.omplxes o-,owand.h.h.psIagecells.Nonr.dioctiv
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Jhigh molecular weight peak to the low molecular weight peak was 1.8 BP-treated I
tigi~. 2). labeled frac

The total cytoplasmic protein complex isolated from low passage human from the to
fibroblast cells exposed to [G-'H]BP was extrdcted with ethyl acetate, and a small peal
the rion-covalently bound hydrocarbon and its metabolites were co-chro- The radic
matographed on a reverse phase column by high-pressure liquid chromato- cells treatec
granhy with authentic reference standards. In the metabolite profiles of I 4). The nuc

graphed wit
- counts wert

[G-3HIBP-t
with 90%
4.5 min re
unidentifi
diol and BE
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I ~Crom low
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RETNTIN IME-F HPLC me
~. Fig. 4. HPLIC profilles of the ethyl acetate extractable radioactivity from nuclei of low atog

and high passage human diploid fibroblats exposed to [G.'H]BP. Non-radioactive BP presence
metabolite sLandards were cochromatographed with the radioactive extract for mets- We hay
bolite identification. (See Fig. 3, Mlatertals and Mlethods for details). Upper panel: profile bound to
of the organic extract from nuclei of high passage cells. A total of 1.263 , 1' dpm we have

werp applied to the column. Lower panel: Profile of the organic extract from nuclei
of low passage cells. A total of 580,850 dpmn were applied to the column. 13P11,,2- c these inc
diol and BP-11,12qcuinone cochromatographed with BP-4,5-diol and BP.3-quinone, c hsI F espectively. complex,



BP-treated low passage cells (Fig. 3), unmetabolized BP was the only radio-
labeled fraction. Similar results were obtained with BP radioactivity isolated
from the total cytoplasmic protein complex of high passage cells, except that
a small peak of radioactivity eluted prior to the B?-9, 10-diol (Fig. 3).

The radioactivity associated with isolated nuclei of low and high passage
cells treated with [G-'HIBP was chromatographed as described above (Fig.
4). The nuclei from high passage cells had radioactivity which co-chromato-
graphed with BP-1, 6; 3,6 and 6,12-quinones and BP-9-phenol; 89% of the
counts were associated with BP; however, the radioactivity isolated from I
[G-3 HIBP-treated low passage cells co-chromatographed with BP-9-phenol,
with 90% of the counts eluting with BP. The unknown peaks at 2.4 and
4.5 min represent void volume radioactivity (pre-BP-9,10-diol) and an
unidentified metabolite, respectively. Co-chromatography with BP-11,12-
diol and BP-11,12-quinone indicated that the 4.5 min peak represented
neither of these potential metabolites.

DISCUSSION

When low passage HNF cells are treated with BP, the PNH accumulates
in the cytoplasm, before localizing in the nucleus 24 h after exposure.
Sephadex G-200 gel chromatographic separation of the cytoplasmic protein
complexes frcm low passage and high passaze cells indicated the distribution
of BP between protein complexes of molecular weights, 12,500 and
200,000. In low passage cells, the amount of BP associated with the low
molecular weight protein complex was 4 .7 times that associated with
the high molecular weight protein complex. However, in high passage cells,
the amount of BP associated with the high molecular weight protein com-
plex was 0.8-1.8 times that associated with the low molecular weight
protein complex. HPLC analysis of the BP radioactivity separated from
the BP-total cytoplasmic protein complex of low passage and high passageOk
cells indicated that the major fraction was the parent BP. This is in con-
trast to a previous study [101, in which active metabolites of 3-methyl.
4-dimethyl amino azobenzene were shown to bind to a cytosol protein
complex from rat liver. It was also interesting to observe that unmetabolized
[G-'H}13P made up the major fraction of the PNH associated with the nuclei
from low passage and high passage cells. The minor peaks obsrved in the
HPLC metabolite profiles may be a result of autoxidation of the sample,
although all procedures were performed under red light, argon, and in the
presence of an antioxidant.

We have observed minor differences in the metabolites non-covalently
bound to DNA, in low and high passage cells. Also, as described above.
we have observed binding of BP to different cytoplasmic protein com-
plexes in low and high passage cells. the transport of BP into the nucleus
of these cells may involve an actvation of the BP-cytoplasmic protein
complex, similar to that observed with the steroids. Only biding of BP

_ _ _ _ _ _ __ _ _ _r
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to the lower molecular weight protein complex (the predominant complex 1 e
in low passage cells) may result in an activation of the complex. Therefore,bre,
the accessability of BP metabolites to specific nuclear binding sites in low lular
and high passage cells may be different and may account for the suscepti- H. V.
hility or refractoriness to BP-induced carcinogenesis of human fibroblast
cells in vitro.
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* ~ ESTABLISHMENT OF PROLIFERATING HUMAN EPITHELIAL CELLS
IN VITRO FROM CELL SUSPENSIONS OF NEONATAL FORESKIN
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I. INTRODUCTION

The following procedure has been successfully applied to many different human tissues. Tissue
samples are obtained from cooperating hospitals. Using the collection techniques described here.
we can retain excellent viability from 96 hr up to 5 days (postcollection) depending on the tissue of
choice and source of tissues. The use of this procedure permits the establishment of epithelial cell
cultures from cell suspensions not requiring explant growth or the addition of extrinsic modulat-
ing growth factors. Moreover, epithelial cell colonies can be produced at a low density or high
density directly from the cell suspension.

E Key words: primary; epithelial cells; cell suspensions.

0 Essential vitamin mixture. 10OXI
E II. MATERIALS Collagenase (CLS), No. 4197.1 Suspend 1 g

• 2 cJcollagenase in 100 ml MEM Eagle HBSS.
'4 S a Minimum essential medium (MEM) Eagle pH 7.2; dissolve with magnetic stirrer at

M MA with Hanks' salts (HBSS) (GIBCO') and 40 C; centrifuge 10,000 xg at 120 C for 10
. = 25 mM HEPES; without glutamine and ruin; and filter through a 0.22-;jm filter (No.
A NaHCO. To 100 ml of the medium, add 1 ml 7103 Falcon').
-a Uj non-essential amino-acid mixture (10 mM, Fetal bovine serum (FBS)' (evaluated for
0C Micro), I ml sodium pyruvate (100 mm steroid composition (1), unsaturated fatty

solution). 0.1 ml Gentocin (50 mg per ml, acid composition (2). mycoplasmal con-
Schering'). 1 mI L-glutamine (200 mM), and tamination. etc. (3). and growth properties
titrate with 8.8% NaHCO, solution (sterile, on indicator cells (4)]
carbonate-free) to pH 7.2. Designated corn- Stirring bars, Teflon-molded, magnetic, -

* plete growth medium (CM). inch long '/,.-inch diameter, No. 6006 Bellco
* MEM Eagle without magnesium and cal- Culture plates, four wells per plate, 28-cml,
z cium' (not supplemented unless mentioned No. 3004' or No. FB-4-TC Linbro'

in Procedure section), for suspension Scalpels, disposable, sterile, No. 32 390-0222
(spinner) cultures. Designated spinner AHS10

medium (SM). Tissue culture flasks: 75-cm, No. 3024' or
Dulbecco's LoCal medium. Biolabs.' Supple- No. 53754; or 25-cmi, No. 25100 Corning"

ment exactly as CM. Designated LoCal. Plastic pipettes, measuring (Mohr), plugged.
Trypsin lyophilized. No. TL 13 BP Wor- 5-ml. No. 7532. 10-mI No. 75486

thington& (1% solution made up in MEM Centrifuge tubes, conical, plastic. 15-mi. No.
Eagle HBSS medium) 3013-000",~Ethylenediamine tetracetate (EDTA), tetra-

Grand Island Biological Co.. Grand Island NY. sodiu m i salt tr
Microbiological Associates. Walkersville MD.
Schering Veterinary Surgical Corp.. Kenilworth NJ.
BioLabs. Inc.. Northbrook IL
Worthington Biochemical Corp.. Freehold NJ. III. PROCEDURE
Falcon Products. Oxnard CA., 6 No recommendation offered; each user will have to deter- A. Collection of human tissue

z z mine which supplier can provide ample volume of useful
z ra-C< ser. 1. Supply the operatir g room with several 4-

02 . Bellco Glass. Inc_ Vineland NJ. oz bottles containing 10 ml CM at pH 7.2
u -a Linbro Scientific. Hamden CTotanngpS "Americn Hospita Supply, bet OH.supplemented with 5% FBS and 0.1 nl"Cormg~lss~rk ,ornmNY.Gentocin per 100 ml medium. These0 " American Hospital Supply, Obemin OH.

o Sigma Crni cal Co., St.-Lo i MO. bottles may be stored at 120 C for many
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weeks (in our hands, 3 to 4 weeks, depend- flask or three or four 25-cm flasks with
ing un compuition ol the glussl. If there Lhe cell suspension.
is a drastic change in pH. discard the 14. Incubate the flasks at 370 C in a 4% CO,
bottles. i.e. if the pH rises above 7.2 (color environment A
shiIL4 from red to purple) or fauls below

6.8 (color shifts from red to yellow). 15. Two days later, rinse the primary culture

2. Collect tissue on the average of 3 or 4 with CM and refeed with CM supple-

times a week. We have found that when mented with 20% FBS.

the tissue is kept in CM plus 5% FBS at 16. Three to five days postseeding, check for 9 "
12* C, 95% viability is retained up to 48 epithelial colonies.
hr after collection. 17. Fibroblasts also will be present in these

cultures. Three to five days after seeding.
B. Processing of tissue when epithelial colonies are well es- .

1. Charge each of four wells of a 28-cm cul- tablished, selectively trypsinize the cul- ,

ture plate with 5 ml CM. tures to remove the fibroblasts.
PRECAUTIONARY NOTE: This step is a

2. Place the tissue from the collection critical procedure and particular atten-
bottles into the first well, swirling the me- tion must be paid to it. The epithelial is-
dium to wash the tissue. lands should be left relatively

3. Transfer the tissue to the second well and undisturbed.

wash. 18. Decant growth medium from the mix cul-

4. In the third well, cut the tissue into three tures and rinse with 10 ml CM.

or four segments and wash. 19. At this time, remove from the freezer the

5. Transfer segments to the fourth well and trypsin prepared as a 1% solution in CM Z
mince with two scalpels into 2-mm pieces. at pH 7.2. 0

a. Swirl the medium to rinse the tissue. a. Dilute with CM to 0.1%.
b. Suck off the medium with a narrow- b. Add 1 ml 0.1% trypsin to the cell '02

mouth pipette leaving only the minced sheet.
tissue. c. Incubate at 210 C (room temperature)

6. Defrost a 5-ni vial of 1% collagenase and for approximately 30 sec.

add to the well containing the minced d. Observe the cell sheet under 10X mag- -
pieces. Have ready a 75-cml flask con- nification to determine when fibro- _V
tamining 15 ml CM supplemented with blasts lift off the subsratum. The epi- -

20% FBS. Transfer the minced tissue and thelil patches will remain attached to '

collagenase to the preincubated flask, the flask.
thereby diluting collagenase to 0.25%. 20. To stop the action of trypsin. add 10 ml

7. Incubate the tissue at 370 C in a 4% CO, CM supplemented with 20% FBS and use
environment overnight (16 hr). For a this medium to wash the cell sheet to re-

period of 5 to 7 hr of incubation, use 0.5% move fibroblasts.
collagenase. 21. Decant medium and repeat step 20.

8. Transfer the digest into a 15-ml plastic or 22. Do not attempt to remove all fibroblasts
glass conical centrifuge tube. (Use plastic during this first trypsinization. When the
pipette with a 1.5-mm diameter aperture.) edges of the epithelial patches begin to re-

tract. immediately stop trypsin action. It
9. Centrifuge the sample for 7 min at 650 x g is better to repeat steps 18-20 the next

at 40 to 120 C. day than to continue to remove all the

10. Resuspend the pellet in 5 to 10 ml CM fibroblasts at this time. -
supplemented with 20% FBS; recentri- 23. Refeed the flasks containing mainly epi-
fuge again as described in step 9. thelial colonies with CM supplemented

11. Repeat step 10. with 10% FBS and 3 ml 100X essential :
vitamins per 100 ml medium. The lowered i

12. Preincubate a 75-cm' flask containing FBS supplementation retards t=e growth
10 ml CM supplemented with 20% FBS of any remaining fibroblasts while the Z z
for 30 to 45 min at 37' C in a 4% CO2  vitamin supplementation encourages epi- a 2
environment. thelial growth. a Z"

13. Suspend the pellet obtained from step 11 24. Repeat trypsinization procedures two to
in 5 ml CM at 20% FBS. Seed one 75-cm four times at approximately 3-day inter- 0 .
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vals or as necessary to free cultures from success and failure. During the initial phase
fibrablusLs. of collection Of Lho tissue. make bumu thUL ic

ppathologist or surgeon does not place the
C Subpassaging epithelialcells samples into phosphate buffered saline (PBS)

1. Place epithelial cells for 2 to 3 days on or physiological saline, such as Krebs soiu-
LoCal containing additives and supple- tion. The carrier medium defined here will
mented with 10% FBS and 3 ml 10OX es- keep the tissue viable up to 4 or 5 days at a
sential vitamins per 100 ml of medium. 95% efficiency. Do not use pemcilln-strepro-
Pretreatment with calcium-deficient me- mycin. nystatin. mycostatin. amphotericin B.
dium greatly facilitates the lifting off of tetracyclines, etc.; they will kill the cells.
the epithelial cells from the substratum
during trypsinization. All plastic ware, i.e. petri dishes and 75-cm

24 2. Decant the LoCal medium, rinse the cell flasks, should be kept in a constant environ-
:- sheet with 10 ml SM containing 0.02% mental room at 72* C at a relative humidity

EDTA, and incubate at 370 C for 3 to 5 (R.H.) of 75%. The flasks under these condi-

mi. During this time epithelial cells will tions will remain in acceptable condition for
begin to separate along their boundaries 21 years. The single well and multiwell dishes
but will continue to remain attached to can be used for up to 6 months when stored

the substratum. An increase in refractori- under these conditions. All pipettes used to
ness along the outer limits of each cell will pipette cells should have an aperture of 1.5-
be noticed. mm diameter. The FBS must be evaluated be-

fore use (1). Collagenase and purified trypsin
3. Decant the SM and add 1 rml 0.1% trypsin prepared specifically for tissue culture ap-

made up with SM containing 0.0 2% plications should be screened for mycoplasma
EDTA. (2). Photographs of vertical stratification of

4. After a few seconds. stop the trypsiniza- epithelial patches and tables of growth kine-
tion by decanting the SM-EDTA medium tics are presented in Milo, Ackerman and
and add CM supplemented with 10% FBS Noyes (4).

I- ca and 3 ml 10OX essential vitamins per
100 ml medium. Transfer the cell suspen-

E sion to a 15-mi plastic conical centrifuge V. REFERENCES
tube.

Q a 5. Centrifuge at 650 x g for 7 min; decant 1. Milo, G.. W. Malarkey, J. Powell. J.
supernate. Blakeslee. and D. Yohn. 1976. Effects of

6. Resuspend the pellet with CM supple- steroid hormone and fetal bovine serum on
mented with 10% FBS and 3 ml 100X es- plating and cloning of human cells in vitro.
sential vitamins per 100 ml medium, and In Vitro 12:23-30.
seed equally into four 25-cml flasks, or 2. Huttner. J., G. E. Milo, R. V. Panganamaia.
one 75-cm flask. We use 5 ml of medium and D. G. Cornwell. 1978. Fatty acids and
containing the cell suspension. Cells the selective alteration of in vitro prolifera-
should be seeded at high density. tion in human fibroblast and guinea pig

7. After 10 min, gently swirl dishes or flasks smooth muscle cells. In Vitro 14: 854-859.
to encourage cells to adhere to each other. 3. Barile, M. F., and J. Kern. 1971. Isolation of

8. Return the cultures to the incubator and mycoplasma arginini from commercial
do not disturb for 3 to 4 days. bovine sera and its implication in contami-

9. After 3 to 4 days, examine the cultures nated cell cultures. Proc. Soc. Exp. BioL

for growth of epithelial colonies. Med. 138:432-437.
4. Milo. G. E., G. A. Ackerman. and I. Noyes.

IV. DISCUSSION Growth and ultrastructural characterization
of proliferating human keratinocytes in

There are several critical steps in the pro- vitro without added extrinsic factors. In
cedure that will mean the difference between Vitro 16: 20-30.

~Z

0

0-z1
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,%i rio Arm, vsmrtm. C11IACerKiAcI'UN OV t.Tx r7 IwufAmr 111.1 .MENNIiY Of Ti11 5-rgaiis Of' A*AlaQM~IN iL ~.- AA4.
'ntiV#Jr1.S. KI. Chap-M.'i, (SPOi J. Adler) Dept. a( 31ocem. Both, Coate Loeon ang ~j~jA 11. Ljjth~,gedt kSPW: oh..n, KI
,niversity of SitOscavsi itsdison. 'it 5306. Oga). Ubm. of Ky. College of Mesdicine. Issiagcoa. 0 .5S

The sequence 5' TAATACCA CACTATAGPsPu~uiA to comn to Pirevioiumly this laboratory determined Chat the 5't S sai
,ill TI lace romrers. To study the interation of T7 RNA of hen sniduet ovaibumin eDNA was hcCColeeous, aipsrofl(:y
polymerase with tis squence. several. muco promoters how* resulting fromn 4lffersot sites Of Initiation Of tre1WtF(OtoOn.
been, constructed by cloning segment* of the promoter. cleaved to order to determine whether Such heterogeneity ws a como
orthre 4101 1 sit* (GACTC) which to present In all late r7 phfeomenon in has OVIduCC aNAA. we sed aSLE14ACs method In
1,romtrs. nflo varioue plassid beickgfou~do. For tarting the examination of conalb53it %0A, thle next ms ab.Ouc"c s-1s
,saciricil. the 116be ho & 11-La 't fragment which apsie Che In the hen oviduct. ",he method Involves ;PurlficaCion Of oan-
promoter ac 14.8% of 17 wee claned into the Lta HI Pico of albumin sAuA by hybridiation to the coinPlmeaY DNA can-
PViNl1. Eco All site@ were regenerated at the ends of tilia, talnoel in the coSgibumis pieai~d. p~on-1, *Ctached tO C811w14446
fragaeot by tilling in the sticky ends lotf are UaatlIOe. Isolation of V-2611Rmlosl capped 71 0Olowscss;~e by *ei1cr-
4ultupta, copies (up to haser) of this tco 91 fragment were Iva bindingt to antl-m

3
0-Sephsrciso. Ic.U 1 ih (1211p Cp on-

thes timned. The isolated fragmesic wes c with MIni r to RICA ligaO. aeperatio by tww-divesalOnal gel slactrophorlm1.
tIejo a 106 bp fragment whicth contained the righCt-cd lb lip and sequencing by conventionael RNCA sequencinlg Procedure*. This

of the promoter. ThIs 106 bp fragment wee then cloned Into Method has the adveotage of eliminating abiguities af to.
sever.i mitas in 710I322. Careful choice of Me. cloning sites prlsed-syotbesia-didoosy method. On toe rue dimensional 8eA.
#sable the constructios of mutant pr*&cers which tontaio number of TI ollgamutleotides were oberved. The major ilgo-
mos. nut mot &I-, of the natural left-hand promoter bps. mucleotide bed the sequence %1GpppMPpCpApCpAp6, which would
iose of thee c lone are active In an in vitro 77 transcrip- result from transcription from the putative Initiationi &It* on
tlon s,,stem. Recrictlon mapping*asd preliaery sequencing the Sonomae. A &eCond ailgonucleotIde hied the sequence
show that it is mbC necessary for the Hint I Site Co be Ok

7
GpppNfiPpAp4. This ise consistent with transcription beoumni

intact tor the sequence to too an active promoter. Moreover. at the next purine three baes dowstream from the putative
-seitner the first 10 ior che lst 13 bP clone are sufficient initiation el94. (Supported by Grat 0 G5420818 from the 41h).
lor activity. Soppartma by WN end NSF Brenta to Li.
Wells.)

CAIICINOGDS AND ANTI-TUb(OR SUUSTANCE (213-216)

214
TMIC NTLUIC OF ACE ON5 TE &CIVATION AND MEUARLISC 0F BINDING OF BENZO(A)PYREME TO A CYTOPLASMIC lLIPOPROTEIN
AILAYOXIL 81 ST LIVE% FROM'CALIE AND0 YVCAI. RATS. Andrew COMPLEX INl THE HUMAN SKINl FIBROBLAST CELLS. lancnl Te'swgni*
j~yaral* and Tom DJIi~r*. (SPONl: Wl.A. Riddle). 1Iltoi.s An The Ohio State University. Columbus,

icae s Noery. maml. iL 6176 bi
.if 4.ai 5II(.nI8i. a chemical pro-tartiooean . in ams- Previous work with low Passage (LP) wuan neonatal

hose Tb the P4530 mono-oiyg me system in liver to its foreskin AuF) fibroblat cells has Indicated that

1111"14 atetrcinogeoic fore. The effect of aging an the setcs- benzo(a)pyrone (SP) Can induce a carcinogenic event. Whien
i.sm. of Ant by the liver from 5- to 30- month old eelo eod the HNF Calls were treated with aP, the Carcinogen was

irOss test WAS used to quantify the monverso of AZSI to transport into the nucleus. In the iP Call$, &P as5 non-
autczioc compounds by liver hodmsetaee from rats, of varios Covalent ly &SZOClated with acytoplasmic protein complex Of
age.. The number of ravertants produced decresed 40 to 60Z molecular *eight 12,500 as determined by Seghadgo G-2OO
,*cme" 1.2 months a00 27 months of age. 14o age related Chanoge column Chromtography. When tile COM ex Isolauted from LP1
Lis the conversion of AFtl to mutegeialc ±0imeoond by liver call i04 wScentrifugild on a MotS$Iua bromide, gradient iF.

hommgenates from female rate us obeerved. The foreeaclon of I.006.l.279) at 40,0OX9s for 24 ns. the radislal AeS
.Xf5i-DKA Aoducts by liver heogenCste from eels rats also distributed beitween two &Ajor lipoprotein fraction$. In
ddscressed vith increasing age: however, no cheinge on the for. excess Of 30S Of tile recovered radiolibetl ws associated with
,aclsn of Ar111 -0#A adducts was observed with liver hasmigonatee the low density lipoprotin fraction (r. 1.373) and about 251
from feeeile rats. The aetcalise of A1Sl by liver homogenetes; of the radliolabeol was asociated with thle high density

* from sold rats to chlorofanorm luble. watec'-eoiubie . and Ilipoprortin fraction (P. 1. 12S). Since thert was nio
thanol Insoluble metbolites also decreased cs a function of significant reduction In the Uptahe of BP by cells grown in
ate. while the metabolism at i.FIl by feecis liver d1d not lipoprotain deficient; serum, the lipoprotein complex to which

csa.The results of theme experiments Indicate that che OF was bound was not jtrivtd from the fetal bovine serve In
asncoim and activati~on of AS'S1 by liver from solo rats do- which the colls were grown. Thlus. in the transforwoole LP
cressed as a function of age. This decramiss &ppeas ts arles calls. ap Is asociated wit g lipoorotmfl complex that
froe chasge. in the cycothrom P-4-5O levels in liver, functions to transport the carcinogen into the nucleus of
Supported in part by IB Grant Ga. 4a56). thoe. calls. (Suported In Part by Air Force Office of

Scientific Research F 49620w80-C-D085 and EPA R-8006638-.31(.

.116
OIPFRR~ePIS INl THE BINDING OP 3-uiM~YLOIOtAWMFhfNE AND P14M5- INHuIBITORS OF BENZO(A)PYREKE i4TAGENICIl'f TOWARDS SALMO1NELLIA
SITAI. TO ATi LIVER CYTOSOLIC A150 NUClLAR Pna1111 PRAC71OisS. TYPIIMJRIIUM. Paul I.Slis o Luz '4. Calla. (SPONl: L.

%rise *lnery aod Edward Bresnick. University Of Veromo Pacter) Ohio Universt, 0then.ii AblOI.
Miii of 4edicine e yr .TFlameei ry And Vermont Regional AntiOxidantS und several other tcoroundS. soe of whicih
Career Centr, Burtiocon. VT 0540S. hcvg Omen found to inhibit CarCInOreNi1Citf. were %creened for

hetiuco, if .iyrchroevo 17.4S01 oral P...aSC, pilnmhrhlcal their- effetiveness us inhiblitors of benzOlalsyrene (OP)
(fit n Sb m-cmhylcholanrthrono i3-MCI respectively. have been mnuagentic Ity towards Salmonella ghp E~IL7 TA98 in toe Ames
0'1(t1d in their interaction with subcellulor fractions from test. A total of 32 ciound S i we ltas In the assay.

11 lve. Binding of S-SC to rat liver cytosal .ao observed Imr',oliC Activation of OP (8.2 neaoles/platel was mediated by
0114 OW A-iO imehd.. Chnomatographsy. charcoa.l decatmoir tie ..) fraction from I-noothdflavone induced ret livers,

amyl.sucrose density gradients and ONA-cellulose Chrome- AsiMn Compounods which are known to Inhibit Carcinoqunicit;.,
ellpay, Ahll* no intamraction of P'S to rat liver cytosal was retinaol, PhenothiaZlne. disulfirm. phtfiechylinoithlocyanate

nbere snuor c.Wmiarolo consittions. The biosliog of 5-Wa to snd phenylinoithiacyanste wore the west effective inhibitors
M livernulear tract Ion s has also bean studied using DNA- of SP niucaqnicity, acting at eouimilsr concentrations.

. ise.Cbromtography: high.r levels of bninding were Several Other compounds showed inhibition et higher Canican-
ha 0 Is h*misl#ar c'rXCCcoa (Z50-500 elmoles S-AIC per e trations of antioxidant and tile remainder showd little or n0

'j.j*Plss Coempared with cycoaoL~c nrotelss (.0-3O fmulse 3.slc Inhibition. Dose response carvegs have beein Ootalrned for tire
eCProtein). The ,Ptak* andi titranucleer distrlbution 18 most active Compunds . No0 general Dattern of inhibition

* ./ ld.Lii PS were sarhedly different after Incubation with Is obvious from our studies. Inhibitors are not drawm from Aoy
111144SAc4e1 ifS of the available 3-4c: but only 3% of the single Class Of CONVOunds. nWl doen a particular Conowand

.' eAl"h1* PS radioctivity became associated wIth nuclei. Of necessarily appear to Inhibit mors than One muagqen. lQdl-
rMILOb. titvity, apporoximately 50% of the 3,4C radioacts- tional studies have Oeen carried out on the inhibition of h.le
41 Us osCIAted -ith the salt resistant nuiclear ;*liet direct Acting nitagenis Z-nitrofisarene ansd bentZO(#Dyr"*~-.S-

U so at 'he PS Wins ASSOCIA16d with the soluble nuclear oide. rhese studies indicate th'e "ssili mature of toe
Te Ita tS eSt that it is thallyint a cy00- tmeclihni of Inhibition. (Supported by KIM Grant CA-22209)

"s vporeniac ,rmicois neouirts high 3ffintity
VAN to mrolriis 5 yemberbitsl Induti on of cytocisrome
1e4as. Iiiepeteg by 'It front CA Z0711.
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- aNROMOTED STAGES (NtXCT ION OF EOPLASIA AFTER IN VITRO EDPOSURE OF UM

,I'4 .iAMSTER E)BRYO EPITlHEI.ALI CELLS TO CARCINOGENS. Gee-ge Milo, Inge Noyas, John

Jr',11s, C.'i. Evans. Donahoe, and Steven WeisbrOde. Depts. of Physiological Chenistry,

etnesda, IO 20205. 'eterinary Pathoiology. and Comprehensive Cancer Center, The IL

. -Onorool-L3-acetate Ohio State University. Columbus, Ohio 43210.
'-,--aaiated (ZOO R) These studies demnstrate that know carcinogens can alter

s'imation of 5-10% of noril foreskin epithelial cells to the extent that uoplasa caw
:eternines 1) wrietner be evaluated on sict emryonic skin. (CES), In. vitro. Norml

anent and 2) oether foreskin epithelial cells seeded on CES did not invade the CES.
ed 'nitiation and/or ,iuan nasooharyigeal and ciiorio-cainoffa cells wran seeded on CFS

lances in the cell sur- invaded the tissue. 4orvml epithellal cells grown in Eagles's
t 'ynonotoxln LT), a moiified MEN suopleinted with 20% FBS. (Cl), were then
ir , ,'ition. Priuary transforred to MEM minus uarjinne lutamine eJiuma supplemented

witn t-irradlatea with 1.0 U/ml of insulin and 10% dialyzed FaS, (CM), for 2 hrs.
ater the cells were Within this time period 56% of the cells were radiolabeled with
-raoiated. TPA and/or hi-thymiline. (S). In a randouly proliferating population

,an 'Jys af:er seeding, grown on CM over a 24 nr beriod 0% of the cells in S, were
.r transformation and radlolabeled. Upon transfer of the cells from OM to CM either
:ded :0 :e cultures 2. a-propiolactooe or propane sultone, (7.5 ug/mil), MNNG, (0.4
3r transformed colonies ug/ml) or aflatoxin BI (2.5 ug/ml). were aoed to the cell
,ay Dost-Xray group, populations, or the cells were eJ.Vosed to UV 254m at 5.0 J/m2  V

• l ays. When TPA at a fluence of 1.2 J/n(/sec. After 8 hrs of chemical carcino-
,ec 2 ilys later, the gen treetreint or at the completion of exposure of the cell

t les, than when TPA poulation to UV, the experimntal medium was removed and W14+20%
:sence of 'PA is necess- FBS adde. to the cells. Two-3 weeks later the cultures were
'ot/pe of tie majority passaged twice.ihese populations were seeded onto CES, or in
,-':'on of "T to NEC b LoCal supplemented 0.33% agr. Transformed cells passaged in

::vt -ansfarmation by culture exhibited colony fonring frequency in soft agar for,
.a, -Wanced 1.5-20 fold Af0l was 41, NNG was 32. PrS was 58. sPI was 23 and for UV was

-.,713) of this in- 100 per 1O
5 cells. Tumors that invaded CES were interpreted as

:ays )ost- TP06 These simulated squamous cell carcinomas. Induction of carcinogenesis
:-evc:yoically trans- in huan epithelial cells is similar to the induction process in
- -"t necessarily com- fibroblasts, however, the Program leading up to te induction

2." "ntiate and pro- process and time in culture for fixation and expression of
neoolasia, is different. (This work was supported In part by.
4C-NIH RO-CA-2507).
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A SUITABLE RAPID IN VITRO ORGAN OJLTURE SYSTEN TO EVALUATE

.... :rte. and J. A. NEOPLASIA EXHIBTED BY CARCINOGENI TRA NSFll I HUIMAN FIBROBLASTS.
n--Ca Helth John Donance, Inge Noyes, Steven Weisbrode, Dorothy Seaumm and

r * :.,rol .na Z'709. George Milo. Depts of Physiological Chemistry, Veterinary
Ii . cem as Patwooiology and Comprehensive Cancer Cnter, The Ohio State
w , .*..:,'. *nst=e city, University, Columus, Ohio 43210.

r. i,..a : ,er Recent experiences with nude mice have taught us that the
iL .:. '.x and 10 mice exnibit wide variations in response to injection of
st s., ' *nasuoneKa transfOrred human cells. Each mouse resoonds in a different
1.1 :'.. ,rvlvtng colo- manner dependent upon the genetic background of the mouse.
I tsN;j i(ter 20 pee- Moreover, the length of time necessary to evaluate the
art. cs 7ecame cruor.- neoplastic potential of the transfonmd cells is 5-6 weeks. The

i ;t .,es. 4han SE average lifespan of the rude mouse under barrier condition Is
'We a ,c I.J and o 1-1 1/2 yr creates logistic problems in feed and housing costs.
WE; ' ransformed &c 3 4e nave expanded upon a procedJre for evaluating the neoplastic
d .! ,s sqr.otly became potential of the chemical carcinogen transforined cells on
6t111. , raes 'are ChicK-embryonic skin, (CES), In vitro (Noguchl, et al., Science
So v., :=.acn"i on 199:980-983, 1978), as a suitable substitute, for the nude
61c a.: .on h a: ain -use ssay system. (Gianovella, et. al., 24:103-113,1979). -%

:far.r s, and :he Several cesmcal carcinogens, aflatoxin 81, propane sultone.
.. aw uc- a-prmiolactone. benzo(a)pyrene. MN04, or methyl azoxy methanol

-. a .. *, acetate were used to induce carcinogenesis in humnan
r, -5 r=ac.ou essy fibrolasts. (Milo and OiPaolo Nature, 275, 730-132, 1978).

44t *.;. .tral estro- Treatment of the calls in S with the carcinogens followed by
. tcn serially passaging the cells in culture for 16-20 POL proluced

-.r L. . ixsas cell populations that grow in soft agar. These colonies ware
m- .,.;, satu -,E- isolated and seeded onto CES; three days later th CE were
,, t., n ulcur* con- fixed in 8ouins, stained and evaluated. There was a 100%

a...,c 3V DES. la correlation between tuaier formation in the nude muse and
, jrv9 asam Invasion of the CES. Histovathological examination of the

riaIl ,r3s alas indicata mcrotumors revealed that they were simulated fibrosarcoms.
?PuLi:sraclon. T ., he cells from the untreated controls did no invade the 't.

,'rvc Yscem. oS and (This wor was supported in part by AFSOR F 49620-80-COM5).
ILt any enhanced
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SUMMARY

Human foreskin fibroblasts transformed by representative chemicals from 5

different classes of chemical carcinogens some requiring enzymatic activation and direct

acting carcinogens, produced cell populations that exhibited anchorage-independent

growth and expression of neoplastic potential ii, either nude mice or chick-embryonic

skin, (CES). There is a high degree of correlation between tumor incidence and

invasiveness of CES. The unique feature of the CES is the rapidity of expression of

cellular neoplasia and interpretation of the simulated tumor in 4 days as a simulated

fibrosarcoma. This system represents a system that can be used to evaluate human

carcinogens in vitro ir 6-10 weeks.



INTRODUCTION

Recently, we reported on the transformation of human cells to a stage of

anchorage independent growth (1) and neoplasia, (2). Neoplasia was evaluated in nude

mice. The route of administration was by two different routes; one by injection of

transformed cells subcutaneously into the subelavicle region, (1); second, by injection of a

"bolus" of cells intracranially, (3). In the case of the subcutaneous route of injection 4

1/2-6 weeks -nust elapsed before we could label the take as positive. Unequivocal,

identification of the tumor was accomplished following excision of the tumor followed by

histopathological examination requiring an additional extended period of time.

Treated cells injected intracranially into the frontal parietal sinus of the mouse

killed the mice within 30-45 days. This has been described as "mouse lethality," (3). The

procedure described here presents data on an in vitro procedure that can rapidly assay

for neoplasia within 3 days therefore eliminating the requirement of waiting 1-11/2 years

until the sham intracranial or subcutaneous injected control mice die of natural causes.
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MATERIALS AND METHODS

Cell Culture:

Primary fibroblast cultures of foreskin tissue were prepared in the following

manner: Human foreskin tissue was minced into 2mm segments in Minimum Essential

Medium - Hanks' balanced salt medium (MEM-HBSS) containing 25mm Hepes buffer at

pH 7.2. The tissue was rinsed three times in this medium and the tissue fragments

transferred to 20 ml of MEM-HBSS supplemented with 20% FBS (Sterile Systems, Logan

Utah) ,CM. and containing 0.1% collogenase (115 U per mg 4197 CLS Worthington

Biochemical Corp.; Freehold, New Jersey). After dispersion of the tissue at 370 in a 4%

C0 2-enriched air atmosphere for 6-8hrs, the cells were recovered by centrifugation at

650xg for 7 minutes at 120C. The cell pellet was washed twice with CM and the final

cell suspension seeded into a 75 cm 2 flask. The cell populations was allowed to attach

for 72 hrs and refed once.

On day 5 following seeding the fibroblasts were selectively detached with 0.1%

trypsin, (4). The fibroblast were then seeded into CM and prepared for treatment with

carcinogen.

Suspension of Chemical Carcinogen and Insulin

The treatment process requires that the carcinogens be solvated in a prescribed

manner to be effective in the treatment regimen. The carcinogens either aflatoxin BI,

.- propioiactone methylazoxymethanol acetate, benzo pyrene diol epoxide I (anti) or

tetrahydrodimethylbenzanthracene, (AfBI, B-Pl, MAMA, B(a)P, BPDEI or THD.NB.A

respectively) were solvated in Soectrar acetone under red Light or gold L-er
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argon. These stock solutions were made up fresh for each experiment. The working

solutions at effective cytotoxic doses of 0, 25 or 50 percent were prepared from the

stock solutions in complete growth medium, (CM). These solutions were added

immediately to the cells as previously described, (1,2).

Transformaton Protocol

Fibroblast cell populations blocked in G1 released from the block and tr, ited with

the carcinogen in S phase of the cell cycle, (2,5) were then serially subpassaged for 16-20

population doublings (PDL) before passage through soft-agar.

All the carcinogens used in these experiments were added to the cell populations

when the cells weregarly S. The treated populations were exposed to the carcinogens

for a few minutes (30 minutes) such as for BPDE (I) with a brief half-life or up to 12

hours for carcinogens with a long half-life, (B(a)P).

Treatment was terminated when the experimental medium was removed and the

population immediately passaged at a 2 split ratio into CM containing additional growth

supplements of 2x vitamins, 8x nonessential amino acids and 20% FBS. The treated and

untreated cultures at 80-90% saturation density were passaged at l-10 split ratio into the

enriched growth medium for 20 PDL.



Growth in Soft Azar

The carcinogen treated and untreated populations at PDL 20 were seeded at 50,000

cells/25cm 2 area in 2ml of 0.33% soft agar prepared in Dulbecco's Lo Cal medium

(Biolabs Northbrook, 111.) (6,7). The cultures were incubated in a 4% carbon dioxide

enriched air atmosphere and refed every 3-5 days. The incidence of colony formation

was determined and after 3 weeks the colonies were removed and seeded into 75 cm 2

flasks containing CM.

These populations were then prepared for either nude mice injection or seeding on

chick embryonic skins (CES) in vitro.

Evaluation of Neoplasia

V

The treated populations that exhibited anchorage independent growth were

evaluated in 6 week old nude mice, (Sprague-Dawley, Madison, W). The untreated cell

populations would not passage through soft agar; therefore, companion untreated

cultures that had not passaged through soft agar were evaluated in the nude mice (8) and

on CES. The mice were irradiated with 450 RAD (from a 137 Cs source) 48 hrs prior to

subcutaneous injection of 5x0 6 treated or control cell populations, (6). After 6 weeks

the tumors were counted and the incidence of tumor formation recorded. The lack of

tumor formation in injected mice was not recorded until the mice died (1-i 1/2 years).

These same treated and untreated cell populations were seeded onto CES, in vitro.

The CES organ cultures were modified in the following manner to optimize the frequency'

of success for a rapid evaluation of cellular neoplasia, (9). We (10) have
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successfuly applied this technique to evaluation of carcinogen induced epithelial cell

neoplasia. Growth of the treated epithelial cells into the CES simulated squamous cell

carcinomas.

Fertile eggs were incubated 9 to 10 days in a humidified egg incubator, (Humidair

Incubator Co., New Madison, Ohio). The embryos were removed and the skin removed

from the embryo. These pieces of skin were then placed on agar bases containing 10

parts of 1% agar (Bacto-agar) in Earle's balanced salt solution without bicarbonate. This

preparation also contained 4 parts FBS and 4 parts chick embryo extract, (9). The

enriched agar base was poured over a steel grid implanted into the agar base. A 6-8 mm

diameter section of skin was layered onto the base dermis-side up. A sterile glass ring 2

mm in thickness - 8 mm in diameter was laid over the skin. Populations from untreated

and treated cell populations, containing 105 cells were suspended in 0.025 ml of CM+20%

RBS and seeded into the rings. The dishes were then incubated in a 4% C02 humidified

enriched air atmosphere at 370C. On day 2 an additional 0.015 ml of CM 20% FBS was

added to the rings. On day 4 the system was fixed in Bouin's solution, embedded in

parafin stained with hematoxylin and eosin and evaluated by light microscopy.
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Results

There is variation in cytotoxic response of treated fibroblast to treatment when

the fibroblasts are obtained from different donors. The values reported in Table I for

LD.50 values are Mean values for 8 different wells. These concentrations were used as

a carcinogenic dose for treatment of the populations in S. The compounds BPDE(I), P-

propiolactone and MAMA have a relative brief half life and were left on the cells in S for

30 minutes for BPDE(I) or 3 hr for ,8-PL or MAMA. The chemicals, either Aflatoxin BI or

THDMBA were left on the cells for 12 hrs.

These cell populations treated in S were serially passaged for 16 PDL prior to

seeding the populations into soft agar, Table L All of the populations treated with each

carcinogen exhibited colony formation when seeded into soft agar.

Once the protocol for transformation has been completed and abnormal colonies

identified the cells were serially passaged. These cultures were continually passaged for

another 16 PDL. At that time the populations were seeded into soft agar. We have

observed formation from 10-900 colonies -1-5 cells, (Table 1) dependent upon the

carcinogen treatment. Aflatoxin B1 transformed cells produced 10 colonies per 105

treated cells seeded in soft agar while methylazoxy methanol acetate treated cells

produced 900 cells per 105 treated cells. These colonies were removed, pooled and

reseeded in culture. After 10 PDL)5xl06 cells were injected subcutaneously into nude

mice. Tumor takes were counted 4 weeks later. In three out of five transformed cell

populations exhibiting anchorage independent growth in soft agar, formed tumors in nude

mice, (Table 1). Tumor incidence rangs from 2 mice giving rise to undifferentiated

mesenchymal tumors following the reception of $x106 methyl azoxy methanol acetate

per 16 receiving the inoculum. to 8/14 receiving the aflatoxin treated cells. The nude
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mice receiving treated cells were not scored as negative until 1 year later. The nude

mice under our environmental conditions lived for i-li years. The same untreated (Fig.

1-A and Treated (Fig. 1-B), populations that were injected into the nude mice were

seeded on the CES (Fig. 1 A & B). Five micron thick hematoxylin and eosin stained

sections were examined, (Fig. 1-B). The transformed cells penetrated into the layers of

the CES, in many cases complete interruption of 8-10 layers of chick cells were

observed. The presence of mitotic figures in the invading transformed cell populations

was observed. Tumors simulated fibrosarcomas. The invasiveness of these proliferating

transformed human fibroblast populations implies malignancy but are not to be compared

to metases, (Fig. 1-B). We want to imply that these chemical carcinogen transformed

cells contain the ability to form localized growth (tumors) on CBS. We want to state

also that there is a strong correlation between the tumor incidence in nude mice, growth

in soft agar and microtumor formation in CES. Untreated cell populations seeded onto

CES did not penetrate the upper layer of CES, (Fig. 1-A). Moreover, transformed human

nasopharyngeal and testicular carcinoma cells formed localized tumors in nude mice and

invaded CES. The chemically transformed populations from all 5 carcinogen treated

populations (Table 1) were designated as fibrosarcomas.

These colonies were removed from the soft-agar and reseeded in culture. After 10

PDL 5x106 cells were injected subcutaneously into nude mice. Tumor takes were

counted 4 weeks later. In three out of the 5 transformed cell populations exhibiting

anchorage independent growth in soft agar formed tumors in nude mice. The nude mice

receiving treated cells were not scored as negative until 1 year later. The nude mice

under our environmental conditions live for 1-1 1/2 years. Both treated and untreated

J



populations were also seteded onto CES and 3 days later the skin explants were removed,

fixed, embedded in parafin, stained with hematoxylin and eosin, sectioned into 5 M thick

sections and examined by a histopathologist, (Fig. 1-B).

On all of the untreated CES organ explants the normal untreated foreskin

fibroblast populations did not proliferate, (Fig. l-B).

The transformed cell populations from all the 5 carcinogen treated populations

invaded the dermal layers of CES in 3 days, (Fig. 1-A). The tumors contained mitotic

figures and were designated as fibrosarcomas.
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DISCUSSION

In recent investigations we have been able to evaluate transformed human cell

populations for their anchorage - independent - growth in a semi-solid medium (1) or for

their tumor potential in nude mice, (2). Moreover, it was interesting to note that in each

case the tumors produced by chemical carcinogen transformed cell populations that

exhibited anchorage-independent - growth characteristics were classified as

undifferentiated mesenchymal tumors (1,2) when evaluated in nude mice while FeSV

transformed cell populations induced tumors were classified as fibromas (U), and physical

carcinogen (U.V254nm or 1 3 7 Cs) induced transformed cell populations (7) were classified

as myxofibromas. These evaluations of neoplasia in the nude mouse took several weeks

to one year, (1,2,6). With CES the evaluations of cellular neoplasia can be completed

within 4 days following seeding of the cells onto the dermis of the CES. We have not

observed invasion of the CES by untreated cell populations. In every CES that receive

human nasopharyngeal carcinoman or testicular carcinoma cells when tested they always

formed tumors in nude mice and invaded the CES. With both negative and positive

control populations we concluded that the CES system can be effectively used in vitro to

evaluate carcinogen induced neoplasia of diploid human cells to a neoplastic stage.

With the current technology to transform human cells in vitro with physical

carcinogens and chemical carcinogens we can now evaluate the neoplastic potential of

these cells on CES in vitro with a high degree of reliability and reproducibility and within

a reasonable period of time from induction to neoplasia of 6-10 weeks instead of 1-1 1/2

years. Recently, we have adapted this assay to evaluating chemically transformed

human epithelial foreskin populations, in vitro for evidence of cellular neoplasia. The

system lends itself to a rapid inexpensive assay that has a high correlation with growth

of the treated cells in soft agar and growth of transformed cells in nude mice.
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LEGEND TABLE 1I
a) The selection of these compounds was based upon prior knowledge that they

represent a cross-section of compounds requiring no activation . The compounds

Aflatoxin Bb Benzo (a) pyrene diol epoxide-1, were furnished by the NCI chemical

repository I.I.T.R.I.; p-propiolactone was a generous gift from Dr. Joseph DiPaolo,

DCCP, NC. Methyl azoxy methanol acetate was a generous gift from Ms. Marilyn

George, Department of Defense, A.F.S.O.R. Wright Patterson Airforce Base

Dayton, Ohio; 1,2,3,4 tetrahydro-7,12 dimethylbenz(a)nthracene was synthesized and

characterized here at O.S.U. by Dr. Donald Witiak at al*. This compound is the

reduced A-ring analogue of 7,12 dimethyl benz(a)anthracene, (7,12 DMBA).

b) These concentrations were selected due to their individual effects on cell

- proliferation as measured by alternation in cloning of cell populations at a low cell

density of 1000 cells 25cm 2 , Milo, G., et al In Vitro In Press (1981). The

concentration used here represent 50% cytotoxic doses.

c) Frequency of colony growth in soft agar is ijescribed as the formation of colonies

of 50 cells or more when fifty-thousand cells at 20 PDL were seeded into 2 ml of

0.33% agar supplemented with LoCal and 20% FBS, overlaid over a 2.0% agar base

suplemented with RPMI-1629 and 20% FBS in a 25 cm 2 well. The colonies were

counted after 28 days. The frequency of growth is expressed as the number of

colonies formed per 105 cells.
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d) The tumor incidence is expressed as. the numerator value is the number of mice

giving rise to tumors 0.8 - 1.2 cm in size at 4-6 weeks after injection of 5x10 6 cells

per animal subcutaneously and the denominator is the total number of nude mice

injected. All animals used in these experiments were 5-6 weeks of age and

preirradiated with 450 RADS whole body irradiation 24-48 hrs prior to injection.

All animals were housed under cyclic light-dark cycle over a 12-12 hr cycle. The

lighting in the animal room was a GE gold fluorescent light.

e) The incidence of invasiveness of chick embryonic skin organ (CES) in vitro was

measured on the 4th day, i.e., 3 full days following seeding of the cells on CES.

Treated cell populations that exhibited anchorage - independent -growth and

untreated populations were examined on CES. The incidence of invasiveness is

expressed as: the numerator value is the number of CES positive for the presence

of invading human transformed cells seeded per total number of CES seeded.

These figures represent values for 3-4 replicates. Out of 3 to 4 slides per CES, we

observed that at least 1 out of 3 slides were positive for all populations examined.
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Legend 1. In Fig. 1-A chick embryonic (CES from 9 day old chick embryo) prepared as

described in Materials and Methods section were supplanted onto a 5 ml 1% Bacto-agar

base supplemented with growth factors. One hundred thousand untreated cells were

seeded onto the CES and these organ cultures incubated at 370 for 4 days in a 4% CO 2

enriched air environment (x 160). These fibroblasts appeared as necrotic cells on the

dermal surface of the CBS.

In Fig. 1-B CES organ cultures prepared as described above received 105 cells of

transformed cells restablished from 0.33% agr layers. After 4 days in a 4% CO 2

enriched-air environment they were evaluated. Invasion of the CES by the transformed

cells is illustrated by arrows.
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.. diulymc to the free N-hydroxy arylaminus,
,.,, ii.ularly under the mildly acidic conditions normally
:,,',u in human and canine urines (2). Under the Sam
.-,,,. condiuons, the N-hydroxy metabolites may be
.iciicaly converted to reactive eleci'ophile; and the

.4.-..%uent binding of these urinary electrophiles
,,t.tihii uclial ui ajLdio has beeu proposed to be a
.l, Al event in aryiamine-induced bladder arcino-

. tlI .l' -4).

,I ',.aou. studies have shown that the IN vitro binding
, --,ydroxy-lo|aphthylaminc (N-HO-I-NA)* or

\-, uroxy-2-naphhylamie (N-HO-2-NA) to caf"
.lb DNA increases 20-fold as incubation conditions
...,r. from a neutral to a slightly acidic pH (2.5.6).
t -I -NA rea4,;ued with the DNA exclusively at the 0'
.i Jcoxyguanosmc, while N-HO-2-NA yielded

. at the N' position of deoxyadenosine and at the
ii c, ,tomi of dcoxyguanosine (5.6).
,i. m.chanism is important in the iniiUauon of

.aty uladdcr .;arvtmogencis, then the passage of
.1 Ig aghly reactive electrophiles from the extraccHular

..itm:nt (e.g.. bladder lumon) into the intct target
. . uruthchium) mugt occur. To test this hypo-

. .. we e:xamined the eflect of extracelluar pH on the
.uo. of N-HO-I-NA and N-HO-2-NA to induce the

.... iormation of normal human neonatal skin (NSF)
~. Thu .yim. which has been extensuvely

.. tcercd (7-1i). was selected as an apprpriat
,,.,: or %:valuaung ultimate unnazry bladder carcino-
:-. ,ince N-hydroxy aryiamines not only induce
imomas when instilled urethrally into the bladder

--. 1 (12). but also induce arcomas at si(cs of s.C. or
.pplicauon (12- IS; and E.C.Miller. F.F.Kadlubar,
',.rd ,cr, iand J.A.Miler, unpublished studics).

methods of trujbuOrmauton of normal human
io,', -i, have been described in detail elsewhere (7,8).

inr.v cultures of NFS 6broblasts (9,10) were grown
i .agics' minimal cssental medium with Hank's

,.ii.d saitt soluon-25.0 mM HEPES buffer (Grand I
ii,, Iiiological Company. Grand Island. NY), pH
'. uipplcmcnted with 1.0 mM sodium pyruvate, 0.1

t.it iiung,o tial amino acids (MA Bioproducts.
i,tmebJa. .NiD) 2.0 mM gluamtine (MA Bioproducas),

." 'odium bicarbonate. 5.0 ji/ml gentamycin, and
, I.ial bovin. wcrunt (FLSS, Rchatuim, Rcheis

bmnical Company. Phoenix. AZ), hereafter referred
o .. 'compklte medium (CM). Cultures were maintained
S7,,C in a 4% CO. high humidity environment. The

ii. crtcpiiu to population doubling (IDOL) 5, and
.. ll tdutant4.cnsity were removed by trypsiniza-

,.(,i (UI%) and reseeded into 75 con tissue culture
' 1 3 - m ; rIii F
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All handling of the Lest compounds was conducted
,11dcr gold light (G.E. Ultrabright Tubes) or in the
,.&k. As indicated below, most manipulations were
.irrcd OUt in an inert atmosphere in order to ensure
, ,mpound stability. N-HO-I-NA and N-HO-2-NA were

,li' imcd by the medhod of Willstatter and Kubli (16).
i c carcinogens were dissolved in acetone (Spectrar
-Iuc. Mallinckrodt. Inc.. Paris, KY), under argon, at a

.,s ncntrauon of 1.0 mg/mi just prior to use. The
.- itment medium consisted of CM minus FBS (pH 7),
.id ii wL.' adju.scd to pH 5.0 and pH 7.0 with HCI and
".AOH. respectively, deacrated by aspiraLion, and
:,urgcd with argon.

'h cultures in early S were washed with the
.,i)propriatC treatment medium (pH 5.0 or 7.0) and the
* i1.ks were gassed with argon. Just prior to the addition
,, l1c 'ultures. N-HO-I-NA and N-HO-2-NA were
.,.cd to the treatment medium at concentrations of 2.0

-- ml. which was determined to be the ED50 (dose
.:"Live in reducing the cloning efficiency to 50% of
,iQ .ontrol; ref. 8) ror these compounds on NFS fibro-
....,us it both pH 5 and 7. The comparative viability of
.- ICl population was LhC sanie for pH 5.0 and 7.0 at
• LDs0 cytotoxic value. The acetone concentration was
,'Oo. the same concentration to which control cultures
pilI 5.0 ad pH 7.0 were exposed. Once the carcino-

u6,i were added, the medium was immediately added to
nc culturcs (15 ml flask), and they were placed at 379C
or 15 min. In separate, 15 min incubations without
-. kd. the recovery (2) of N-HO-I-NA was 97 * 2% at
'II 5.U and 97 ± 4% at pH 7.0; for N-HO-2-NA, the
&,,uicb were97 30 and 93 * 2%, respectively (n-3).
u uilowing the exposure period, the carcinogens were
.'movcd, the cultures were washed with Cm, and then
,cy werc fed with Sx medium (CM supplemented with

N\ iioncssential amino acids, 2x vitaminS, and 20% (* e.
i WS). When the cells reached near confluent density
,%(I ',Xi W) the culture& were passaged at 1:10 split ratios
i I ,, medium until they reached PDL 20. At this point,
,i y were seeded into 0.33% aar and the frequency of
.,*oimy formation in soft agar was determined (8).
'. miolaycr cultures were reestablished from colonies
.c.iovd from the agar, and the cells were subsequedy
mJ,.xtcd s.c. into preirradiated nude mice in order to
,ictermine the neoplastic potential of the transformed

Ihc results of the transformation experiments are
pc'.'cnted in Table I. The studies were done on 2
,cparate occasions with comparable results. Treatment
... uh N-HO-I-NA at pH 5.0 induced colony formation

s uit agar at Irequencics of 6.9 and 3.3 times that
utduccd at pH 7.0 in experiments I and 2, respectively.
'.imlarly, treatment with N-HO-2-NA at pH 5.0
iucWd colony formation frequencies in soft aarof4.1

.mad 4.0 tintta th.',l ; ,,.7 ' 7, ,'. 7 ,c I.

oI



It order to determinc the tumorigenic properties of
il: transformed clls, monolayer cultu4z were re-

ctablished from boluses induced by N--.-I-NA and
N.-HO-2-NA at pH 5.0 in experiment 2. One of 8 mice
dlvvopd a tumor following the injection of N-HO-i-
\ ,\ r',nsformcd cells, and 2 of 7 mice developed tumors
iIk)wing the injection of N-HO-2-NA tranformcd
, .nl. 'run or development following the injection of
norumal I'iNloblasts into the nude mouse has never been

it in u Flabortory As described previously (7,8,11).- A
:k,0,phologically tranisormed cells a5 x 106) were
,:vtcd b.c. into the interscapular region of 5-6 week
.i nude mice. By 4 weeks, tumors were 0.8-1.2 cm.

i ly were then enumera)(d and histopathologic studies z - e.
, li uisscs, confirmed them as nopLastic, undiftern-

;,.tied mescnchymal tumors with varying abnormal
k,.ryotypes (7,8,1 )).

As a control for the possible effects of pH on the
.c.Ilivity of thc.c, cells for transformation, 5 pg/ml of
,L iauxin IU, was also added to the companion fibroblast

Liliure, at pH 7.0 and 5.0 as described above. After 20
1m.. thi: treated cell populations were seeded in 0.33%

,.:dr. The frequencies o r colony formation in each treat-
*,a iL H 5.0anc .0 for'-

i: 31 colonies/tO '€ls at pH 5.0 and 9-13
, ,'alu.s cells for pH 7.0. Moreover. the growth rate

th ehi pH 5.0 and 7.0 treated populations was not
,ipprcciably different. These aflatoxin-treamd cells in
,.. experiments also formed tumors in nude mice at a
i;., icuiny of"4 or 6 itintors/7 mice for treated cells at
I I 5.u and 3 tumors/8 mice at pH 7.0.
Repeated attempts were also made to estimate the

.OvAlcnt binding of the carcinogenic N-hydroxy aryl-
,.I.iin to the DNA of NFS cells after the 15 min
,\ostui period u.sing (5.6,7,- 3 HIN-HO-2-NA (373

Ciimmol) or [3-'H]N-HO-1-NA (181 mCi/mmol),
,,haincd from Dr R.Roth, Midwest Research Institute,
K...sab City, MO. Although the DNA. which was
iol .cd by hydroxylapatite chromatography (17),
isistcntly contained low levels of radioactivity

Q2tf-600 d.p.m. corresponding 0.3-1.0 naphthyl
:vi il.-s/ 10' Iluclcutide-), these amounts were too low
i, pcrmit quantitative comparisons between pH 5.0 and
i 1 7.0 incubations.

I'hus, the results obtained in this study clearly
,n.okirate that acidic pH substantially increases the rn

11 v.ucn.y of transformation of normal cells exposed to
.;trcinogenic N-hydroxy aryamine. The possibility that
Otis is simply due to the increased uptake of the
N-hydroxy compounds at pH 5 seems unlikely since no
,iii1ilar increase was noted above for aflatoxin BI. In
.iddition, when N-HO-I-NA and N-HO-2-NA were
Iistillcd directly into the urinary bladder in pH 5- and
'I I 7-buffered solutions, no differences in their
.Lborption or entry into the circulation were observed
i I%). Iowever. sincc N-hydroxy arylamines partially
, i:%:inp.w to clectrophiles under acidic conditions, the
•iaia indicate that these ultimate carcinogenic species



niiiu.amincs and nitrosamides (19,20), indicate a
.imiila r effect of pH On chair S9-depedent mutagenicity

.l 1111,fsvflaI~ typiiiuriuln. Although it WUS Suggested
ila xlb~ may become sensitized to mutagens at acidic
i. it is also likely that metabolically formed electro-

uii..pricsumbly alkyldiazoniunl ions, might be
s:\s:%ztsd to have greater stability at acidic pH and thus

)il I this: butcrW l Il and rasult in a mutation. There-
1MV IL is reasonable to assume chat the carcinogenic

Ii. %d roxy arylamines and their electrophilic derivatives
i i cs in itIhc bladder lumen or at the cell surface under

wn...~tditionsi, Qui alter the urothelial call by
IC WHUtI~f with critical informational macromolecules,

~IICI-bY initiating the neopiastic process.

s:l \ 'sim tO hnk Mr'Jeff Garrard and Ms Jeanne Anson for technical
."ii.i.This work was supplonct in part by APSOR-F 49620.
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SUMMARY

The polynuclear aromatic hydrocarbons (PAH) benzo[a] pyrene (BP) and
the A-ring reduced analogue of 7,12-dimethylbenz(a] anthracene (DMBA),
1,2,3,4-tetrahydro-7,12-dimethylbenz(alanthrwene (TH-DMBA) are carcino-
genic to human cells. The unsaturated PAH, DMBA exhibits no carcinogenic
activity on human cells as measured by growth in soft agar. The TH-DMBA
and BP treated cells exhibit a colony frequency in soft agar of 84 and 86,
respectively. These anchorage independent cells, when seeded on the chick
embryonic skin (CES) organ cultures, are invasive and form a fibrosarcoma.
It is highly unlikely that TH-DMBA, which does not contain an aromatic
A-ring, can undergo metabolism in human cells in culture to form a bay
region 3,4-dihydrodiol-1,2-epoxide. These results suggest that an alternate
mechanism for the induction of carcinogenesis is appropriate to explain the
absence of bay region diol-epoxide metabolite as the ultimate form of the
carcinogen in TH-DMBA induced carcinogenesis in human diploid cells.

INTRODUCTION

Metabolic conversion of PAH such as BP and DMBA has been shown to
precede an expression of their toxic, mutagenic or carcinogenic activities
[ 1,2,5,6,17,211. Our previous studies with BP have indicated that this car-

*Research supported in part by an award from AF F49620-80-C-0085 and EPA
R-806638-1 and by National Cancer Institute grants CA-16058, CA-25445 and CA-
21371.
O'To whom request for reprints should be addressd.
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cinogen can induce neoplastic transformation in proliferating human skin
fibroblast cells when added during the S phase of the cell cycle (4, Milo
et al., unpublished data]. Although DMBA can induce a carcinogenic event
in rodent cells in culture (121, this PAH does not induce such an event in
proliferating human skin fibroblast cells in culture (4].

Previous results from our laboratory have indicated that B? is taken up
and initially bound to a cytoplasmic lipoprotein complex present in human
skin fibroblast cells before being transported to the nucleus [4,19, Tejwani,
unpublished data]. DMBA, on the other hand, is randomly dispersed
throughout these cells and is not bound to the cytoplasmic lipoprotein
complex [4, Tejwani, unpublished data]. These differences may in part
explain the induction of neoplastic transformation in the normal human skin
fibroblast cells by BP and not by DMBA.

The bay region diol-epoxide of DMBA, the 3,4-dihydrodiol-1,2-epoxide,
has been proposed to be the major metabolite responsible for the mutagenic
and carcinogenic activities of this PAH in rodent cells (3,18]. Consistent
with this proposal, DMBA exhibits mutagenicity in the Ames assay only
in the presence of a microsomal activation system (7 1.

The observation that the PAH TH-DMBA was mutagenic in the absence or
presence of a microsomal activation system, using 3 strains (TA1537, TA98,
TA100) of Salmonella typhimurium [7], provided impetus to study this
A-rng reduced analogue for carcinogenic activity, using human cells. Since
TH-DMBA cannot be expected to yield a bay region diol-epoxide unless
it was first oxidized (aromatized) to DMBA, this A-ring reduced analogue
should serve as a useful probe for investigating alternate mechanisms of
transformation.

In our laboratory, we have defined several indices of human fibroblast
cell nrisformation in response to a variety of chemical carcinogens. These
include morphological changes, extended life span, growth in culture condi-
tions toxic for untreated normal cells, increase in lectin agglutinability and
alteration in cellular prostaglandin levels (101 . The anchorage-independent
growth of transformed cells in soft agar has been the most consistent and
reliable indicator of, tumor production in athymic nude mice and on the
CES organ culture system.

In this report, data are presented on the carcinogenicity of TH-DMBA in
human neonatal foreskin (HNF) fibroblast cells in culture.

MATERLALS AND METHODS

Chemicals
DMBA was purchased from Eastman Chemical Company and BP was

received from the National Cancer Institute Repository. TH-DMBA was
synthesized by a method previously described [7,201. The hydrocarbon was
purified on a Spherisorb ODS 5 lm column (4.5 mi X 25 cm) using a linear
gradient of 25-100% methanol for 1 h. All solvents were of reagent or
analytical grade.
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Cell cultures and treatment of cells with PAH
Primary HNF cell cultures were established as described previously [14].

Randomly proliferating cell populations, derived from human foreskin
tissues dispersed with collagenase, were passaged in complete growth
medium (CM) composed of Eagle's minimum essential medium: 25 mM
Hepes buffer (pH 7.2) supplemented with 1 mM sodium pyruvate, 0.1 rM
-non-essential amino acids, 2 mM glutamine, 50 j#g/ml gentocin, 0.2% sodium
bicarbonate and 10% fetal bovine serum (FBS) in a 4% COI-enriched air
atmosphere at 37C. HNF cells passaged at a 1 : 4 split ratio reached con-
fluency in 4 days.

Preconfluent (70-80%) logarithmically growing HNF cell populations
between population doubling (PDL) 4 to 5 were blocked at the G,/S phase
of the cell cycle by feeding the cultures with non-proliferating Dulbecco's
modified Eagle's medium supplemented with 50 ,g/ml gentocin, I mM
sodium pyruvate and 10% dialyzed FBS [8-10]. Twenty four hours after
seeding, when the mitotic index was 0.1% to 0%, the non-proliferating
medium was removed and the cell cultures were re-fed with CM supple-
mented with 0.5 U/ml insulin. Thirty four hours after seeding, the synchron-
ized cell cultures were treated with 3.2 Mg/m of BP, 1 Ag/m of DMBA or
0,5 Mg/m of TH-DMBA in acetone. Cell cultures to which an equal volurme
of acetone was added served as controls. The carcinogen was allowed to
remain in contact with the cells during the S phase of the cell cycle which
was 8.2 h long [8-10].

Selection of transformed cell populations
Forty eight hours after seeding, the cell cultures were passaged at a 1 : 2

split ratio into CM supplemented with 2X essential vitamins, 8X non-essential
amino acids and 20% FBS (selection medium). The cell populations were
serially passaged at 1 : 10 split ratio into the selection medium [8-10].
After 16 PDL, the cell populations were seeded into soft agar.

Anchorage independent growth
The treated and control cell populations were trypsinised and seeded at

50,000 cells/25 cmI well in 2 ml of 0.33% soft agar and Dulbecco's LoCal
medium supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential
amino acids, 2 mM glutamine, 50 ;Ag/mI gentocin, 0.2% sodium bicarbonate,
1X essential vitamins, IX essential amino acids and 20% FBS. The ceils were
layered over 5 ml of a 2% agar base prepared in RPMI 1629 medium
supplemented with 1 mM sodium pyruvate, 0.1 mM non-essential amino
acids, 2 mM glutamine, 50 gg/ml gentocin, 0.2% sodium bicarbonate, IX
essential vitamins, 1X essential amino acids and 20% FBS [8-101. The
soft agar cultures were incubated at 37°C in a 4% C0 2-enriched air atmo-
sphere. Three weeks later, the colonies were removed with a tuberculin
syringe (20 gauge needle) and seeded into the selection medium. After
attachment and sufficient growth, the cell cultures were trypsinized and
re-seeded in order to evenly distribute the cells from the monolayer colonies.

I
I
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The cell cultures were passaged once at a 1 : 4 split ratio and then seeded on
the CES to evaluate neoplasia.

Neopiastic transformation
The cell populations at PDL 36 were seeded on the CES organ cultures

prepared from 9 to 18-day-old fertilized eggs [Milo et al., unpublished data].
The CES were layered onto an agar base containing 10 parts of 1% Apr in
Earle's balanced salt solution, 4 parts of chick embryo extract and 4 parts of
FBS.

Then, cells (10') from treated and control cultures were suspended in
0.025 ml CM supplemented with 20% FBS and seeded on the CES. Three
days later, the skins were removed and fixed in Bouin's solution. Transverse
sections (5 Mm) were stained with hematoxylin and eosin and examined for
the presence of invasive features.

RESULTS

Chemical carcinogen induced neoplastic transformation of HNF cells in
culture was carried out by the procedure of Milo and DiPaolo [8,9].
Randomly proliferating low passage cell populations were seeded into
amino acid deficient medium to block them at the GI/S phase of the cell
cycle. The cell populations were released from the block in presence of a
growth promoter. Ten hours later, in the S phase of the cell cycle, the cell
cultures were treated with BP, DMBA or TH-DMBA. Cell populations
transformed by BP, DMBA or TH-DMBA were serially passaged for 16 PDL

TABLE 1

CHARACTERIZATION OF TRANSFORMED HUMAN FORESKIN FIBROBLAST
CELLS THROUGH ANCHORAGE INDEPENDENT STAGE AND NEOPLASTIC
STAGE OF CARCINOGENESIS

Compound Concentration Evidence of colony Incidence of tumor
(ug/ml)a formation in soft aga . b  

formation in CESc

BP 3.2 86 111d

DMBA 1 0 N.D.
TH-DMBA 0.5 84 1/1

aThe concentration of each of thew. compounds was appropriately selected from results
of previous work (4 1.
bFoUr wela (25 cmflweil) were seeded with 50,000 cells/waLl in 0.33% soft agar supple-
mented with growth medium, over a 2% apr base (8-101. The values for colony forma-
tion reported here were the number of colonies formed per 10' cells seeded into soft
as- (S-10].

'Theee values reported her were for 4 CES seeded with 101 cells/CES and evaluated
3 days later. Normal untreated cells did not invade the tissue.
dBp treated cells were also evaluated for tumor formation in nude mice (4]. The treated
cells were poative and formed tumors.
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and seeded into soft agar to evaluate anchorage independent growth. BP
(3.2 g/ml) treated cells exhibited anchorage independent growth with a
frequency of colony formation of 86/10' cells (Table 1). Although DMBA
(1 gg/ml) did not transform HNF cells in culture as measured by anchorage
independent growth, cells transformed by TH-DMBA (0.5 pg/ml) grew to
spherical colonies 10-12 days after seeding on soft agar (Fig. 1), with a
frequency of colony formation of 84/10' cells (Table 1).

The BP and TH-DMBA treated cell populations exhibiting anchorage inde-
pendent growth were seeded onto the CES to evaluate neoplasia. These
transformed cell populations were invasive on the CES and produced fibro-
sarcomas (Fig. 2). The tumors were designated as fibrosarcomas because of
the presence of mitotic figures in the tumor tissue.

Following growth in soft agar and re-seeding into monolayer cultures,
BP treated cells were also evaluated for neoplasia in nude mice. Six-week-old
mice received 5 X 10' cells subcutaneously. Four weeks later, the tumors
were excised and submitted to histopathology for evaluation. The tumors
produced were identified as fibrosarcomas.

. .... ..

• .

Fig. 1. Randomly proliferaing HNP cell populations blocked in the G, phase of the cell
cycle were released from the block and subsequently treated with TH-DMBA. The cell
populations were serially passaged for 16 PDL and seeded at 50,000 cellsa25 cm well
into soft agar as desribed under Materials and Methods. The soft agar culture were
incubated at 3T*C in a 4% CO2 .en.ched air atmosphere for 3 weeks. Each colony con-
tained 50-300 cells, 14 days following seeding into soft agar.
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Fig. 2. The BP or TH-DMBA treated celpouations exhibiting an chorage independent
growth were removed and serially passaged. Then, 10' ceils suspended in 0.025 ml CM
supplemented with 20% FBS were seeded on thi. CBS [Milo et aL. unpublished data].
Three days later, the CES were fixed in Bouln's solution, stained with hematozylin and
eosin and microscopically examined. (A) represents normal untreated fibro blast cells
seeded on the CES at 1OX magnification. (B) represents TH-DMZA treated cell popula-
tions growing on the CES at I SOX magnification.
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DISCUSSION

The PAH TH-DMBA was mutagenic i the Ames assay both with and
without metabolic activation in 3 strains of S. typhimurium [7]. In fact,
this A-ring reduced analogue was more mutagenic in the absence of micro-
somal activation using the plasmid deficient strain TA1537 [7]. TA1538 and
the missense tester strain TA1535, which are relatively insensitive to DMBA
mutagenesis were not mutated by TH-DMBA (7]. Nonetheless, DMBA
required metabolic activation by addition of the S9 microsomal fraction in
order to elicit mutagenicity in strains TA1537, TA98 and TA100 (71,
whereas TH-DMBA required no such metabolic activation. TH-DMBA, in the
absence of the S9 fraction had mutagenic properties similar to metabolically
activated DMBA. This is a marked departure from other PAH which require
an activating system or chemical modification to a reactive species to effect
mutagenesis in the Ames assay. Thus, even 3,4-dihydrodiol-7 -methylbenz[a ]-
anthracene was non-mutagenic in the strain TA98, when cofactors required
for the microsomal activation system were omitted [111.

Previous results have indicated that when HNF cells are treated with BP, a
major portion of the PAH is bound to a cytoplasmic lipoprotein complex
and is subsequently transported to the nucleus as the parent compound
[4,19, Tejwani, unpublished data]. HPLC analysis of the BP metabolites
covalently bound to DNA has indicated a low level of BP metabolism taking
place in these cells, with the formation of a small amount of the BP-7,8-diol-
9,10-epoxide-I-deoxyguanosine adduct [Tejwani, unpublished data]. In the
present study, BP also induced neoplastic transformation in the HNF cells
and the treated cell populations exhibited anchorage independent growth
with a frequency of colony formation of 86/105 cells seeded in soft agar.
These transformed cell populations were invasive on the CES and produced
a fibrosarcoma.

Although DMBA did not transform HNF cells in culture as measured by
anchorage independent growth, it was interesting to observe that TH.DMBA,
the analogue of DMBA completely reduced in the bay region, could induce
neoplastic transformation in these cells and was as potent as BP, at 1/6 the
dose of BP used. This pronounced activity of TH-DMBA is similar to what
would be expected in our system if we were assessing an ultimate carcinogen.

Previous reports have indicated that 1 ,2,3,4-tetrahydro-7.imethyibenz(a I -
anthracene, a 12-desmethyl analogue of TH-DMBA, is non-carcinogenic ( 16].
It is known that the 12-methyl function in DMBA provides sufficient steric
interaction with the C, -carbon--hydrogen of the A-ring to stabilize a ketone
function at position 5 owing to decreased planarity of the tetracyclic system
[13,14]. In TH-DMBA the C12--C, interaction freezes the ring A in a half-
chair conformation with C2 slightly and C3 markedly out of plane with the
aromatic anthracene system. The speculative A-ring triol of DMBA, possibly
arising by reaction of DNA or other macromolecular nucleophile with the
proposed bay region 3,4-dihydrodiol-1,2-epoxide, is expected to have a
similar conformation.

. _. . •
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These observations question the necessity for metabolic activation in the
cae of TH-DMBA as a prerequisite to inacromolecuLar binding and sub-
sequent transformation in human cells. Work is in progress employing radio-
labeled TH-DMBA to further assess this phenomenon.
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